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DNA sequencing method and DNA sample preparation method 

gle strand of the sample DNA; and, 

(5) a step of subjecting products of the sequencing 
reaction to electrophoresis to determine the base 
sequence of the DNA fragment and at least a part 
of the base sequence of the sample DNA adjacent 
to the base sequence of the DNA fragment 
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(54) 

(57) The DNA sequencing of the present invention 
comprises: 

(1) a step of digesting a sample DNA with a restric- 
tion enzyme to obtain a DNA fragment; 

(2) a step of introducing an oligonucleotide having a 
definite base sequence into the DNA fragment at 
the 3' terminus thereof ; 

(3) a step of performing a complementary strand 
extension reaction, using a labeled primer which 
comprises a first base sequence portion comple- 
mentary to at least a part of the base sequence of 
the oligonucleotide, a second base sequence por- 
tion complementary to the recognition base 
sequence recognized by the restriction enzyme and 
a third base sequence of a possible combination of 
1 to 4 bases, by using, as a template, a single 
strand of the DNA fragment having the oligonucle- 
otide introduced thereinto to obtain a labeled 
extended primer having a base sequence comple- 
mentary to the single strand of the DNA fragment; 

(4) a step of proceeding: 

(a) a step of performing a sequencing reaction 
using the labeled primer by using, as a tem- 
plate, the single strand of the DNA fragment 
having the oligonucleotide introduced there- 
into, and, 

(b) a step of performing a sequencing reaction 
using the extended labeled primer by using, as 
a template, a part of the single strand of the 
sample DNA having the base sequence of the 
single strand of the DNA fragment and a con- 
tiguous sequence adjacent thereto, or the sin- 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a method for DNA analysis based on a complementary extension reaction using a 
DNA polymerase, and a method for preparation of a DNA sample which can be efficiently used for the DNA sequencing 
method, as well as a reagent kit for use in therein. 

DESCRIPTION OF THE RELATED ART 

With the progress of the human genome projects, a high throughput and highly efficient DNA sequencing technol- 
ogy is required Conventional DNA sequencing involves labeling DNA fragments with a radioisotope and manually 
determining the size of DNA fragments by gel electrophoresis. In place of such manual DNA sequencing there have 
been widely employed automated devices (fluorescent DNA sequencers) for an optical detection of DNA fragments 
through exposure to light during gel electrophoresis using fluorescent labeling of DNA. These devices are .used fo. a 
DNA sequencing method which comprises hybridizing oligonucleotides called primers wi* a target DNA to be 
sequenced preparing DNA fragments having various lengths for use in the DNA sequencing method by a complemen- 
tary strand extension reaction using a DNA polymerase and determining the size of DNA fragments bygel e ecfro- 
phoresis. This DNA sequencing is called the Sanger sequencing method or dideoxy sequencing method. In this 
method the size of DNA sequenced by single operation depends on the separation activity on a gel and its base length 
is in the range of 400 to 700. Sequencing of DNAs over several Kbp is a labor intensive and time consuming work. 

For sequencing of long DNAs over several Kbp. shotgun strategy has been employed heretofore. According to the 
shotgun strategy, a sample DNA is randomly digested by means of ultrasonic vibration, the resulting DNA fragments 
are cloned into E. ccji and cultivated to make colonies, and E. cgli in each colony is cultivated to increase the copy 
number of the DNA. Thereafter the sample DNA is extracted and provided for analysis. In the shotgun method DNAs 
in each colony contain DNA fragments of the sample DNA, but which part of the sample DNA corresponds to the DNA 
fragments is unidentified until its sequencing is completed. Therefore, DNA fragments corresponding to DNA fragment 
length longer by 10 to 20 times than the target length should be analyzed. For this reason, much time and labors are 
required thereby to cause a serious obstacle. 

DNA sequencing starts from the preparation of DNA library which covers all DNAs, by making clones having a 
lenoth of 1 0 Kbp to 1 00 Kbp from the DNAs present in genome. In the actual sequencing, each clone .s further digested 
to make subclones having a size sufficient to permit analysis with a DNA sequencer and the subclones «e sequenced 
again. Finally, the DNA fragments sequenced are reconstituted to obtain the intact overall DNA sequence. The method 
described above is now widespread because of its simple operations. 

As is currently observed in the human genome projects, however, the ^otgun strategy is j^^^*? 
approach for large scale DNA sequencing in view of throughput and automaton (SURI KAGAKU. No. 359, ^May (1993) 
pp 74-81) Especially, it is conplicated and troublesome to prepare subclones prior to measurements with DNA 
sequence*. Heretofore subclones have been prepared by randomly digesting huge DNAs by sonication (Molecular 
Ctoning. second edition, Cold Spring Harbor Laboratory Press (1989), pp. 13.21 -13J3). These subclones are cloned 
into E coli to cultivate and the thus obtained colonies are selected and the desued DNA fragments were selected 
Thea u^ng plasmids carrying the selected DNA fragments. DNA sequencing is performed for every colony. The base 
length of DNA which can be determined by single DNA sequencing ranges generally from 300 to 500 bases. It ,s thus 
required to analyze a number of subclones. 

Even though colonies are used, there are many colonies containing the same DNA fragment portion so that the 
overlapping portions of the DNA sequence must be sequenced. For this reason, it was necessary to ana yze the base 
lengthlonger by 1 0 to 20 times than the length to be actually sequenced. For example, more than 400 plasm,d ; sub- 
clones) should be analyzed for sequencing of the DNA having a length of 10 Kbp but it is impossible o select subclones 
in such a manner that sequencing information does not overlap with each other. In addition, subclones are prepared 
utilizing the E. coli host-vector system and hence, operations are complicated and not suitable for f t0 ™f on Q cqoi 
The primer^alking method (Science, 258 (1992), pp. 1787-1791; Proc. Natl. Acad. Sc. U.S.A., g& 69^6921 
(1989)) does not involve overlapping sequencing of the same base sequence. According to he primer walkmg method 
a huge DNA is employed as a sample DNA in its intact form. Firstly, a part of the sample DNA s used to determme rte 
base sequence Next, based on the thus determined DNA sequence, a primer capable of specifically hybr.diz.ng with 
the portion the sequence of which has been determined, is synthesized to determine the DNA sequence of the contig- 
uous portion. That is, in the primer walking method, the base sequence of a DNA fragment to be sequenced is sequen- 
tially determined one by one from the terminus thereof. However, the primer walking method involves such a 
shortcoming that primers should be synthesized for every sequencing, although overlapping portions for DNA sequenc- 
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ing can be minimized. In addition, the sequencing operations are sequential so that this method is not always suitable 
lor large scale sequencing. 

In order to solve the problems of complicated operations for cloning or primer walking, various attempts have been 
made In particular, direct sequencing of DNA fragments in a mixture form obtained from a sample DNA digested by a 
restriction enzyme (DNA Research. 1 (1994) pp 231-237) is a promising method, which is briefly explained below. A 
known sequence oligonucleotide is ligated with the DNA fragment at the terminus thereof to produce the priming site of 
each DNA digested by a restriction enzyme. Then sequencing is conducted using a set of primers which can i discrimi- 
nate a restriction cutter recognition sequence from the sequence adjacent to the cutting site (1 to 4 bases). The primer 
set includes for example. 1 6 combinations of all DNA sequences in the case of an unknown base sequence having var- 
iable two base sequence at the 3' terminus. In the case of approximately three types of double stranded DNA fragments 
(6 types in terms of DNA terminus), the base sequence of each DNA fragment can be determined directly from the mix- 
ture using the set of primers described above. After the base sequence of each DNA fragment has been determined, 
the base sequences of the respective DNA fragments are reconstructed to obtain the overall base sequence. In order 
to obtain the overall base sequence, a primer having the same base sequence as that of each DNA fragment around 
the 3' terminus is synthesized and intact DNA is used as a template for sequencing so that the base sequence between 
one DNA fragment and another DNA fragment is determined. It is thus determined how the respective DNA fragments 
are ligated with each other. Alternatively, the base sequence of a DNA fragment digested by another restr.ct.on enzyme 
is determined. With overlapping base sequences clue to go upon, the relation of one fragment to another is determined. 

20 SUMMARY OF THE INVENTION 

As described hereinabove, sequencing of a long DNA has been made heretofore using those labor intensive and 
time consuming processes. The method using subclones has been widely employed since a plurality of DNA fragments 
(subclones) can be sequenced at the same time. However, this method encounter the following problems. That is, the 
overlapping base sequence parts should be read again and again and hence, much labor and time are required when 
the scale for sequencing increases. On the other hand, where overlapping portions are reduced to improve efficiency, 
it becomes difficult to link the sequenced DNA fragments with each other and the base sequence of intact long DNA 
cannot be reconstituted. 

The primer walking method is advantageous in that it is clear how to link or joint the sequenced portions, because 
a next primer is always synthesized from the portion adjacent to the sequenced portion and employed for the next 
sequencing However, the primer walking method involves problems that the operability is limited since single DNA 
strand should be sequenced basically sequentially one by one from one terminus by every portion of several hundred 
bases and further that a primer synthesized based on the sequenced portion does not function satisfactorily to cause 
difficulty in overall sequencing. The method for DNA sequencing of DNA fragments using restriction enzymes .s also 
35 disadvantageous in that too much labor is required for reconstitution of DNA fragments. 

In order to solve the foregoing problems, a first object of the present invention is to provide a method for DNA 
sequencing of a sample DNA characterized by simultaneously determining the base sequence of an objective DNA 
fragment and at least a part of the contiguous base sequence of the sample DNA adjacent to the objective DNA frag- 
ment. 

40 To achieve the first object, the present invention comprises the following steps. 

According to DNA sequencing (A) as a first aspect of the present invention, the sequencing method (A) is charac- 
terized by comprising: 

(A1) a step of digesting a sample DNA with a restriction enzyme to obtain DNA fragments; 
(A2) a step of introducing an oligonucleotide having a predetermined base sequence (e.g.. an oligonucleotide of 
single base species) into the DNA fragments at the 3' end thereof; 

(A3) a step of performing a complementary strand extension reaction, using a labeled primer (e.g. f luorophore 
tagged primer) which comprises a first base sequence portion complementary to at least a part of the base 
sequence of the oligonucleotide, a second base sequence portion complementary to the base sequence recog- 
nized by the restriction enzyme and a third base sequence of a possible combination of 1 to 4 bases, by using, as 
a template a single strand of the DNA fragment having the oligonucleotide introduced thereinto to obtain a labeled 
extended primer having a base sequence complementary to the single strand of the DNA fragment; 
(A4) a step of proceeding, independently or simultaneously, (a) a step of performing a sequencing reaction using 
the labeled primer by using, as a template, the single stand of the DNA fragment having the oligonucleotide intro- 
duced thereinto, and (b) a step of performing a sequencing reaction using the labeled extended primer by us ing, as 
a template, a part of the single strand of the sample DNA having the base sequence of the single strand of the DNA 
fragment and an adjacent sequence thereto, or the single strand of the sample DNA; and, 
(A5) a step ol subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the DNA fragment and at least a part of the base sequence of the sample DNA adjacent to the base sequence 
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of the DNA fragment thereby to determine the base sequence of the sample DNA in the portion longer than the 
length of the DNA fragment. The sequencing method (A) is further characterized in that in steps (A3) and (A4), the 
steps (A3) and (A4) are repeated several times, using a thermostable DNA polymerase by varying temperature 
conditions, respectively, thereby to acquire a sufficient copy number of the labeled extended primers and the 
sequencing products. 

According to DNA sequencing (B) as a second aspect of the present invention, the sequencing method (B) is char- 
acterized by comprising: 

(B1) a step of digesting a sample DNA with a first restriction enzyme to obtain DNA fragments; 

(B2) a step of performing extension using a primer by using a single strand of the DNA fragment as a template and 

then replacing the 3' end of the DNA fragment with a fluorophore tagged nucleotide; 

(B3) a step of digesting the complementary strand formed in the step (B2) with a second restriction enzyme differ- 
ent from the first restriction enzyme to obtain a fluorophore tagged primer having a label at the 3' end thereof; 
(B4) a step of performing a sequencing reaction using the fluorophore tagged primer by using, as a template, a part 
of the single strand of the sample DNA having the base sequence of the single strand of the DNA fragment and an 
adjacent sequence thereto, or the single strand of the sample DNA; and, 

(B5) a step of subjecting products of the sequencing reaction to electrophoresis to determine at least a part of the 
base sequence of the sample DNA adjacent to the base sequence of the DNA fragment thereby to determine a 
base sequence of the sample DNA in a portion longer than the length of the DNA fragment. 

According to DNA sequencing (C) as a third aspect of the present invention, the sequencing method (C) is charac- 
terized by comprising: 

(C1) a step of digesting a sample DNA with a restriction enzyme to obtain DNA fragments; 
(C2) a step of performing a complementary strand synthesis reaction using a primer by using the single strand of 
the DNA fragment as a template to obtain a primer having a base sequence complementary to the single strand of 
the DNA fragment; 

(C3) a step of performing a sequencing reaction using a primer by using, as a template, a part of the single strand 
of the sample DNA having the base sequence of the single strand of the DNA fragment and a contiguous sequence 
adjacent thereto, or the single strand of the sample DNA thereby to introduce a fluorophore tag at the terminus of 
an extended strand; 

(C4) a step of digesting products of the sequencing reaction with a restriction enzyme; and, 
(C5) a step of subjecting the digested products of the sequencing reaction to electrophoresis to determine at least 
a part of the base sequence of the sample DNA adjacent to the base sequence of the DNA fragment thereby to 
determine the base sequence of the sample DNA in the portion longer than the length of the DNA fragment. 

According to DNA sequencing (D) as a fourth aspect of the present invention, the sequencing method (D) is char- 
acterized by comprising: 

(D1) a step of digesting a sample DNA with a restriction enzyme to obtain DNA fragments; 
(D2) a step of performing a complementary strand synthesis reaction using a fluorophore tagged primer by using 
the single strand of the DNA fragment as a template to obtain a primer having a base sequence complementary to 
the single strand of the DNA fragment; 

(D3) a step of performing a sequencing reaction using the primer by using as a template a part of the single strand 
of the sample DNA having the base sequence of the single strand of the DNA fragment and a contiguous sequence 
adjacent thereto, or the single strand of the sample DNA; and, 

(D4) a step of subjecting products of the sequencing reaction to electrophoresis to determine at least a part of the 
base sequence of the sample DNA adjacent to the base sequence of the DNA fragment thereby to determine the 
base sequence of the sample DNA in the portion longer than the length of the DNA fragment. 

According to DNA sequencing (E) as a fifth aspect of the present invention, the sequencing method (E) is charac- 
terized by comprising: 

(E1) a step of digesting a sample DNA with a restriction enzyme to obtain DNA fragments; 
(E2) a step of performing a sequencing reaction using a first primer labeled with a fluorophore tag which selectively 
couples with the DNA fragment by the complementary strand and a second primer labeled with a fluorophore tag 
which has a base sequence complementary to a single strand of the DNA fragment, by using, as a template, a mix- 
ture of a part of the single strand of the sample DNA having the base sequence of the single strand of the DNA 
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fragment and a contiguous sequence adjacent thereto or the single strand of the sample DNA with the DNA frag- 
ment; and, 

(E3) a step of subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the DNA fragment and at least a part of the base sequence of the sample DNA adjacent to the base sequence 
of the DNA fragment, thereby to determine the base sequence of the sample DNA in the portion longer than the 
length of the DNA fragment. 

According to DNA sequencing (F) as a sixth aspect of the present invention, the sequencing method (F) is charac- 
terized by comprising: 

(F1) a step of digesting a sample DNA with a restriction enzyme to obtain DNA fragments; 
(F2) a step of performing an extension reaction of a primer by using a single strand of the DNA fragment as a tem- 
plate to obtain a single stranded DNA of the fragment; 

(F3) a step of performing a sequencing reaction using the single stranded DNA by using, as a template, a part of 
the single strand of the sample DNA having the base sequence of the single strand of the DNA fragment and the 
base sequence adjacent thereto, or the single strand of the sample DNA; and, 

(F4) a step of subjecting products of the sequencing reaction to electrophoresis to determine at least a part of the 
base sequence of the sample DNA adjacent to the base sequence of the DNA fragment, thereby to determine the 
base sequence of the sample DNA in the portion longer than the length of the DNA fragment. 

According to DNA sequencing (G) as a seventh aspect of the present invention, the sequencing method (G) is char- 
acterized by comprising: 

(G1) a step of performing a complementary strand extension reaction using a primer having at the 3' terminus a 
complementary base sequence to a part of the base sequence of a single strand of the DNA fragment obtained 
from a sample DNA to obtain an extended primer having a complementary base sequence to a part of the single 
strand of the DNA fragment; 
(G2) a step of proceeding: 

(a) a step of performing a sequencing reaction using the primer by using the single strand of the DNA fragment 
as a template and; 

(b) a step of performing a sequencing reaction using the extended primer by using, as a template, a part of the 
single strand of the sample DNA having the base sequence of single strand of the DNA fragment and a con- 
tiguous sequence adjacent thereto, or the single strand of the sample DNA; and, 

(G3) a step of subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the DNA fragment and at least a part of the base sequence of the sample DNA adjacent to the base sequence 
of the DNA fragment thereby to determine the base sequence of the sample DNA in the portion longer than the 
length of the DNA fragment 

In the sequencing procedures above, the sample DNA is digested with a restriction enzyme to obtain DNA frag- 
ments but the present invention is not limited only thereto. DNA fragments may also be obtained by randomly cutting 
the sample DNA by means of sonication, etc. Any other conventional manner may be likewise employed to obtain DNA 
fragments from the sample DNA. 

The DNA sequencing method in accordance with the present invention is characterized by linking or jointing one 
base sequence of a DNA fragment to another through extension (hereinafter the DNA sequencing method of the 
present invention is referred to as a fragment walking method), which will be described hereinbelow in detail. The DNA 
sequencing method of the present invention comprises: 

so (1) a step of digesting a sample DNA with a restriction enzyme; 

(2) a step of examining the terminal base species of 1 to 4 bases which are recognized by the restriction enzyme 
and contiguous to the digested portion and the length of the DNA fragment to select a primer used for a sequencing 
reaction; 

(3) a step of electrophoresing DNA fragments digested by the restriction enzyme to fractionate the DNA fragments 
55 depending upon fragment length; 

(4) a step of introducing a known oligonucleotide into the DNA fragments at the 3 1 end thereof; 

(5) a step of selecting the DNA fragments using a fluorophore tagged primer having at the 3' end thereof the base 
sequence of 1 to 4 bases for discriminating the DNA fragments at the 3' end thereof and performing a complemen- 
tary strand extension reaction using the selected DNA fragment as a template; 
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(6) a step of proceeding, independently or simultaneously, a sequencing reaction using the labeled primer by using 
he selected DNA fragment as a template and a sequencing reaction using the complementary strand formec I in 
the step (5) by using as a template a part of the sample DNA having the same base sequence as that of the 
selected DNA fragment and a contiguous sequence thereto, or the sample DNA; and, 

(7) a step of analyzing the sequencing products produced in the step (6) to obtain the base sequence of the 
selected DNA fragment and the adjacent sequence to the selected DNA fragment to determine the order of he 
respective DNA fragments in the sample DNA thereby to determine the sequence of the sample DNA ,n the port,on 
longer than the length of the selected DNA fragment. 

According to the fragment walking method of the present invention, a lengthy DNA can be efficiently sequenced in 
a short period of time. In general, many DNA fragments are formed by digestion of DNA with a restriction enzyme but 
fnte pres m invention, I target DNA sequence can be determined directly from the DNA 
restrX, enzyme. Further by exploring the overlapping sequence of the determined base sequence, the overall base 
seouence of a lenqthy DNA can be determined with low redundancy without cloning or subcloning. 
T£e walking method of the present invention, a selective sequencing reaction of DNA fragments which 

are obtained by digesting a sample DNA by a restriction enzyme is carried out, using a library of 16 kinds of a few pr.m- 
eTpreToSly prepared A plurality of DNA fragments are sequenced in para.le.. A fluorophore tagged primer is 
ZSSTJo give sequencing products. At the same time, fluorophore tagged and extended long 
mentarT to the respectiv^A fragments are simultaneously formed. The fluorophore tagged and extended long pnm- 
TsSon as primers, in which an intact sample DNA is used as a temp.au. The intact sample DNA as a template ns 
added to each solution for the selective sequencing reaction of the DNA fragment obtained by diges ting the sample 
DNA with a restriction enzyme, whereby the base sequence of each DNA fragment is determined and 
the contiguous sequence of the sample DNA adjacent to the DNA fragment is determined by the sequencing products 
of the fluorophore tagged and extended long primer using the sample DNA as a template. 

Both the base sequence of each DNA fragment and the contiguous sequence of the sample D N A adjacent to the 
DNA fragment beyond the digested portion with a restriction enzyme can be determ.ned at the same ^mejhe efor* 
by searching the overlapping base sequences based on the thus determined base sequences, the overaH base 
sLuence of the sample DNA can be determined in such a manner that one DNA fragment walks over to another DNA 
3?^X^lttx According to the fragment walking method, the length of a readable DNA is determined 
STlS^S^raKUon in which anintact sample DNA is used as a template, not by the length of DNA fragment. 
Accordinaly the overall base sequence can be determined with extremely low redundancy. 

method a sample DNA to be sequenced is fully digested with a restriction enzyme such as a 4-base cutter reckon 
enzyme to prepare fragments which do not overlap with each other. Where recognition base sequence parts by a 
reaction enzyme are removed from the resulting DNA fragments, the remaining base ^™™™^Z.~^ 
DNA fragments lack particular priming sites with which a primer having a known base sequence hybridizes to become 
the sS Son of a complementary strand extension reaction. Accordingly, an oligonucleot.de having a known 
^S^ModuGrt L the resuming DNA fragments at the ar end hereof to form ft, . prtn«£ Itis known 
that in the case of forming an extended DNA strand through hybridization of a pnmer with a DNA fragment where the 
terminal two bases at the 3' end of the primer (called variable and discriminating sequence) are fully corrplemertary to 
and perfect* hybridize with the DNA fragment, the reaction proceeds, but otherwise *e reacts slow o does not 
occur at all Therefore, the base sequence part of two arbitrary bases (there are 1 6 combinations of the afcitrary base 
Xencf part) is previously insert into the fluorophore tagged primer at the 3' end (the extended s,te by a comple- 
mW strand extension reaction). By doing so. a specie fragment having a fully complementary s ^«^» 
fluorophore tagged primer can be selected from the DNA fragments for complementary strand extension reaction or for 
determination of the base sequence (DNA Research, 1, 231-237 (1994)). 

Z!e Z kind of DNA laments is a few and there is one DNA fragment fully complementary to one pnmer, the 
base sequence o, each fragment can be determined using the primer described above. Where one pnmer hybrd.zes 
wtth two^r mo^e DNA fragments, the foregoing procedure is performed, for example, after the DNA fragments are pre- 
"ousTy fractionated depending upon fragment length. As described above, according to the fragment walking mtfhod 
o f t h e p sS^ 

a simple manner, without causing any overlap, using 16 primers without the necessity for donma h 
relationship between the DNA fragments and determine the overall base sequence of a sample Wl«nng ^ro 
cedure!s performed. The aforesaid 16 fluorophore tagged primers selectively hybridize only w.th the DNA fragment 
hfv ng a pSg site at the terminus thereof, but not with an intact sample DNA. Howler, when the aforesaid pnmer 
hybridized with the DNA fragment is subjected to a complementary strand extension reacton, the extended part is oom- 
5 ementary to the intact sample DNA and hence, hybridizes with the intact sample DNA. 

mentary sLd extension for sequencing of each DNA fragment is carried out using the pnmer described at™* the 
reaction is conducted under cycle sequencing conditions of controlling the react™ temperature. When an mtact (non- 
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diaested) sample DNA is added to the reaction solution, the contiguous sequence of the intact sample DMA adjacent 
to Seston part can also be determined, in addition to the base sequence of the DNA fragment. According to this 
S^tS"3seSence of each DNA fragment and the contiguous sequence thereto can be determ,ned amuRa- 

sSe i eXrent primers and is tL extremely efficient. This method looks lite one ^ 
over to another DNA fragment to link them with each other and is thus called the fragment walking method. 

The fragment walking method is very efficient but it is necessary to previously prepare 16 
spond to all possible combinations of the two terminal bases at the 3' end. As the DNA sequencer of fl "° res «" c ^ 
SeareaSgledyedetection method (in which the termir«l base species of DNA fragments are d,scnmmated by one 

Whored 

and afour dye detection method (in which DNA fragments are discriminated by four fluorophores depending upon ter- 
ml! base Seci DNA fragments are electrophoresed at the same migration path). For a high throughput *. our 
d detection method is more advantageous. However, in the case of applying the fragment , 0 h e four 

dye detection method, it is necessary to prepare at least 16 * 4 = 64 pnmers having a fluorophore tag and this ,s one 
nroblem to be solved in the fragment walking method for practical use. , 
P A^ecVnd S5 of the present invention is to provide a DMA sequencing method which can solve the foregomg 
problem and can be readily performed using commercially available universal primers or less pnmers currently in pos- 
sesion, and fmethod for preparing a samp.e for use in the DNA sequencing method as well as a reagent tat for use 

in the DNA sequencing method. 

In order to achieve the second object, the present invention comprises the following features. 

£ccc2 ng to the method of the present invention, the copy number of the DNA fragment " «und»^^ 
plate is amplL by polymerase chain reaction (PCR) using selective primers having an anchor base sequence of 2 
bases aSa- end thereof (for brevity, hereinafter often referred to as anchored primers). The complementary strand 
aUheachor^ 

tl anSES po^on to perform a sequencing reaction. It is not required that the anchored primers (1 6 pnmers ,n total) 
St^JftflLJto* As flirophore tagged primers for sequencing, there may be used universa. pnmers 
labeled with four fluorophores. respectively, which are conventionally used for sequencing. 

Se 6 anchored?rimers are employed to hybridize with a specHic DNA fragment selected from a <^«™* 
fragments which are subjected to complementary strand extension, and used to increase the copy number of thespe- 
c^c^N A fragment The copy number of only the DNA fragment in the mixture that completely hybr .d.zes with the 

so anch^e^ 

S^taTS. rt. with which the fluorophore tagged primer hybridizes, the DNA fragment is ^ady to perform a 
syncing reaction. That is. the fragment walking method can be readily carried out using r^^SS 
taXSers having base sequences that can be primers in conventional polymerase reaction, without increasing the 
£32 a f luorophore Sagged phLr. Examples of such fluorophore tagged primers include primers genera.ly called un- 
35 versal primers such as a primer having SEQ ID NO. 1 : 
5' - TGTAAAACGACGGCCAGT - 3' 
which is used for M13 bacteriophage series vectors, a primer having SEQ ID NO. 2. 

5' - GTAATACGACTCACTATAGGGC - 3' 
which is used for T7 bacteriophage vectors, and fluorophore tagged primers having optional or arbitrary sequences. 
Needless to say well-known fluorophores may also be used for fluorescent labeling. 

As one aspect of the present invention, the method (a) for preparing a sample DNA comprises: 

(a1) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of frag- 

aS'oHntroducing an oligonucleotide having a known base sequence into the DNA fragments at least at the 

LTa sCof'performing a complementary strand extension reaction using the oligonucleotide and an anchored 
oSer aving a substantially complementary sequence to the recognition base sequence part by a restriction 
enTyme and a discriminator .sequence of 1 to 4 bases a. the 3' end and having an anchor base sequence of at 
least 8 nucleotides (octamer) at the 5' end to obtain a DNA strand; and, 

a4) step of perfo ming a complementary strand extension reaction using a primer having at 'east substantially 
ihe same s^uence as the anchor base sequence that does not hybridize directly with the sample DNA. by usmg 
the DNA strand obtained at step (a3) as a template. 

As another aspect of the present invention, the method (b) for preparing a sample DNA comprises: 
(b1) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of frag- 
!b2?a ^introducing an oligonucleotide having a known base sequence into the DNA fragments at least at the 
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3' end thereof; and, 

(b3) a step of fractionating the DNA fragments depending upon terminal base sequence and amplifying the DNA 
fragments by PGR, using an anchored primer having a substantially complementary sequence to the oligonucle- 
otide and a discrimination sequence of 1 to 4 bases at the 3' end and having an anchor base sequence of at least 
8 nucleotides (octamer) at the 5' end and a primer having substantially the same base sequence as the anchor 
base sequence that by itself alone does not hybridize stably with the DNA fragment and amplifying by PCR. 

As a further aspect of the present invention, the method (c) for preparing a sample DNA comprises: 

(d) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of frag- 

^a'steP of introducing an oligonucleotide having a known base sequence into the DNA fragments at least at the 
3' end thereof' 

(c3) a step of amplifying a specific DNA fragment by PCR, using the oligonucleotide and an anchored primer having 
a substantially complementary sequence to the recognition base sequence part by the restriction enzyme and a 
discrimination sequence of 1 to 4 bases at the 3' end and having an anchor base sequence of at least 8 nucleotides 
(octamer) at the 5' end, in which a part of the bases in the recognition base sequence part has been replaced with 
another base to have the base sequence part not digestible with the restriction enzyme, and a primer having a base 
sequence digestible with the restriction enzyme; 

(c4) a step of obtaining the DNA strand in which one end of the specific DNA fragment amplified has been cut out; 
(c5) a step of performing a complementary strand extension reaction using a fluorophore tagged primer at least 
having substantially the same sequence as the anchor base sequence that does not hybridize directly with the 
sample DNA, by using as a template the DNA strand obtained at step (c4) to obtain the extended DNA fragment by 
the complementary strand extension reaction; and, 

(c6) a step of performing a sequencing reaction using a fluorophore tagged primer and the extended DNA fragment 
by the complementary strand extension reaction by using as templates the DNA strand obtained at step (c4) and 
the sample DNA. 

The method (c) is also characterized by sequencing in which the base sequence of the DNA strand and the contig- 
uous base sequence of the sample DNA in the portion adjacent to that of the DNA strand are determined and further 
characterized in that the fluorophore tagged primer has, at least, substantially the same sequence as the anchor base 
sequence. 

As a further aspect ot the present invention, the method (d) for preparing a sample DNA comprises: 

(d1) a step of digesting a sample DNA with a first restriction enzyme to form DNA fragments having a plurality of 

fragment lengths; j ^ . ... . ^ 

(d2) a step of introducing an oligonucleotide having a known base sequence and having a recognition base 
sequence part by a second restriction enzyme into the DNA fragments at least at the 3' end thereof; 
(d3) a step of amplifying a specific DNA fragment by PCR, using the oligonucleotide and a first anchor primer hav- 
ing a substantially complementary sequence to the recognition base sequence part by the f irst restriction enzyme 
and a first discrimination sequence of 1 to 4 bases at the 3' end and having a first anchor base sequence of at least 
8 nucleotides (octamer) at the 5' end, in which a part of the bases in the recognition base sequence part has been 
replaced with another base to have the base sequence part not digestible with the first restriction enzyme, and a 
second anchor primer having oligonucleotide, a substantially complementary sequence to the recognition base 
sequence part by the first restriction enzyme and a second discrimination sequence of 1 to 4 bases at the 3 end 
and having a second anchor base sequence of at least 8 nucleotides (octamer) at the 5' end, in which a part of the 
bases in the oligonucleotide has been replaced with another base to have the base sequence part not digestible 
with the second restriction enzyme; 

(d4) a step of digesting the first terminus of the amplified specific DNA fragment with the second restriction enzyme 
and digesting the second terminus of the amplified specific DNA fragment with the first restriction enzyme to obtain 
the first and second DNA strands, respectively; 

(dS) a step of performing a complementary strand extension reaction using a first fluorophore tagged primer at least 
having substantially the same sequence as the first anchor base sequence that does not hybridize directly with the 
sample DNA and a second fluorophore tagged primer at least having substantially the same sequence as the sec- 
ond anchor base sequence that does not hybridize directly with the sample DNA, by using as templates the first 
and second DNA strands produced at step (d4) to obtain the first and second extended DNA fragments by the com- 
plementary strand extension reaction; 

(d6) a step of performing a sequencing reaction using the first and second fluorophore tagged pr.mers and the 
extended first and second DNA fragments by the complementary strand extension reaction by using as templates 
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the first and second DNA strands obtained at step (d4) and the sample DNA. 

The method (d) is also characterized by sequencing in which the base sequences of the first and second DNA 
strands and the contiguous base sequences of the sample DNA in the portion adjacent to those of the first and second 
5 DNA strands are determined, respectively, and further characterized in that the first and second fluorophore tagged 
primers have, at least, substantially the same sequence as the first and second anchor base sequences, respectively. 

As a still further aspect of the present invention, the present invention relates to a reagent kit (e) comprising a plu- 
rality of anchored primers having a complementary base sequence to oligonucleotide for ligation, a recognition base 
sequence part by a restriction enzyme and the same base sequence as that of a universal primer, having a discrimina- 
w tion sequence of 1 to 4 bases at the 3' end and capable of discriminating the terminal base sequence of DNA fragments, 
wherein the anchored primers are characterized in that the discrimination sequence for selecting the terminal two base 
sequence in the DNA fragments contains the base sequence of two bases in all combinations. 

As a still further aspect of the present invention, the present invention relates to a reagent kit (f) comprising at least 
an oligonucleotide for ligation and a primer for complementary strand synthesis, characterized in that the primer for 
15 complementary strand synthesis comprises: 

a first primer set comprising 16 primers having a substantially complementary sequence to the oligonucleotide, a 
recognition base sequence part by a restriction enzyme and a discrimination sequence of two bases at the 3' end 
in the recognition base sequence part, and, 
20 a second primer set comprising 1 6 primers introduced with an anchor base sequence into the 5 f end of each primer 
in the first primer set, in which a part of the bases in each recognition base sequence part has been replaced with 
another base. 

As a still further aspect of the present invention, the present invention relates to a reagent kit (g) comprising at least 
25 an oligonucleotide for ligation and a primer for complementary strand synthesis, characterized in that the primer for 
complementary strand synthesis comprises: 

an oligonucleotide and a first set of anchor primers having a substantially complementary sequence to the recog- 
nition base sequence part by a first restriction enzyme, a first discrimination sequence of 1 to 4 bases at the 3' end 
30 and a first anchored base sequence of at least 8 oligonucleotides (8-mer) at the 5' end, in which a part of the bases 
in the recognition base sequence part has been replaced with another base to have the base sequence part not 
digestible with the first restriction enzyme, and, 

an oligonucleotide and a second set of anchor primers having a substantially complementary sequence to the rec- 
ognition base sequence part by the first restriction enzyme, a second discrimination sequence of 1 to 4 bases at 
35 the 3' end and a second anchored base sequence of at least 8 oligonucleotides (8-mer) at the 5* end, in which a 
part of the bases in the oligonucleotide part has been replaced with another base to have the base sequence part 
not digestible with the second restriction enzyme, 

characterized also in that the first and second discrimination sequences comprise two bases and all combina- 
40 tions of the two base sequences are contained. 

As a still further aspect of the present invention, the present invention relates to a method (h) for analysis of the 
sample prepared by method (a) or (b). 

Referring to Fig. 1 , the method of the present invention is summarized below. In order to achieve the first object of 
the present invention, a complementary strand extension reaction is performed using DNA fragment 3 by using as a 
45 template fluorophore tagged primer 31 to obtain extended DNA strand 32. Using the extended DNA strand as a primer 
and sample DNA 1 as a template, sequencing is carried out to obtain extended DNA strand 33. The extended DNA 
strand 33 is electrophoresed to simultaneously determine the base sequence of the DNA fragment and the base 
sequence of at least a part of sample DNA 1 adjacent to the DNA fragment. 

According to the present invention, there may be simultaneously determined the base sequence of the objective 
so DNA fragment and the base sequence of a part of the DNA fragment adjacent to the objective DNA fragment at the 3' 
end. The method of the present invention can determine the base sequence of each DNA fragment obtained by a 
restriction enzyme and at the same time, can determine the base sequence of a part of the DNA fragment adjacent to 
each DNA fragment thereby to determine the relation between the DNA fragments in base sequences. 

Therefore, it is unnecessary to detect any overlap between base sequences of the respective DNA fragments using 
55 a plurality of restriction enzymes so that the base sequences can be efficiently determined. In addition, the base 
sequence of a lengthy sample DNA can all be determined only by reactions in yjtro, without subcloning. Furthermore, 
each DNA fragment can be sequenced to determine the order of base sequences between DNA fragments, without 
synthesizing a primer for every sequencing as required for the primer walking method. That is, the base sequence of a 
sample DNA can be determined without performing redundantly overlapping analysis of the respective base sequences 
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of DNA fragments obtained from a sample DNA. 

The present invention is summarized by referring to Fig. 1 2. In order to achieve toswtichfr* of the , present 
invention the present invention is carried out as follows. Sample DNA 1 is digested with Nta '»- ^Aol^eob*3M 
is added to a solution 320 containing DNA fragment groups 303 to ligate DNA oligonucleotide 304 hav.ng a ^own base 
sequence with the restriction enzyme digestion part at the 3' end thereof. The resulting solution contain^ . the ohgonu- 
cleotide ligation products is divided into 16 tubes. Different primers (hav.ng d.scr.mmation sequences for DNA frag- 
men s a S end and in the anchored sequence at the 5' end) are added to the tubes to > 
strand extension reaction. The products obtained are subjected to gel electrophoresis. Us,ng the el^rophe rogram of 
proZs. selective primers for PGR which are necessary to amplify the DNA fragments by PGR are determined 
The solution in tube 323 is fractionated and divided into the required number (k) of vessels which corresponds to the 
number of combinations for PGR. The selective primer for PGR is incorporated into each fraa 
is conducted using anchored primers and the combination of the primers in a pr.mer set. The thus obtained DNA frag 
ment is purified by dialysis or the like and used as a template for sequencing by the fragment walking ™*»* 

n the multi-dye instrument system for sequencing using a set of primers, a number of pnmers should be prepared 
and such causes much labor. However, in the present invention, a lengthy sample DNA can be readily se ^" en 
a small number of known primers, by the anchored primers which function to fractionate DNA fragments. In addftoa 
"h2 method of the present invention is very efficient because sequencing can be s.muttaneously performed from the 
bo^ends of the double strand by PCR uang a primer having drfferent digestion sites digestibte wrth d.fferent restriction 
enzymes at both ends of the DNA strand. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart showing the procedure of Example 1 of the present invention. 

Fig. 2 shows electrograms of the products by strand extension reaction in .Example 1 lof the Present invention, 
using fluorophore tagged primers by using as templates the DNA fragments of pUC1 9 d.gested with Hhal 

Fig 3 sSows migTatioS patterns of the fractions from the PCR products of P UC19 digested with restriction enzyme 
Hhal fractionated by agarose gel electrophoresis in Example 1 of the present invention. 

usina fluorophore tagged primers by using as templates the DNA fragments of Fraction 4. 

Figs 5A 5B ScCsD and 5E show etectropherograms of the sequencing products obtamed from Fraction 1 in 

EX %\t^eTT^Ts^ electrograms of the sequencing products obtained from Fraction 4 in 

Example 1 of the present invention. 

Fia 7 is a drawing for explaining the sequencing of pUC1 9 in Example 1 of the present invention. 
% 8 hows electVrograms'of the products by strand extension reaction in Example 2 of the present invention, 
using fluorophore tagged primers by using as templates the DNA fragments of lambda DNA d.gested with Hhal. 
Fig 9 is a flow chart showing the procedure of Example 4 of the present invention. 
Fig. 1 0 is a flow chart showing the procedure of Example 5 of the present invention. 

Fig. 1 1 shows a construction of the system for performing a series of procedures for fractionation and sequencing 

40 " ^12 ^SSXSS^ a process fa DNA analysis according to the method of the present invention for 

preparing a sample. 

Fiq 13 shows a DNA fragment with which DNA oligonucleotide is ligated. 

Fig*. 14A is a conceptions! drawing of a set of anchor primers that hybridize with the term.nal DNA strand (s.ng.e 
45 strand) after ligation of DNA oligonucleotide. ^, ■ ,„ 

Fig. 14B is a conceptional drawing of a set of primers that hybridize with the terminal DNA strand (single strand) 
after ligation of DNA oligonucleotide. n . .. , 

Fig. 15 shows gel electrograms of the complementary strand synthesis reaction products of the DNA frag- 
ment obtained using 16 selective primers, 
so Fig. 16 shows a construction of the detected DNA fragment. amrj |jf ica . 
Fig. 1 7 shows an example of the product obtained by a complementary strand extensio- . eaction (PCR amplrf.ca 

""VtTsCslheieSnship among anchored primers having a discrimination sequence, tagged primers and 

55 ^V^Sd^ 

prior to fractionation of the DNA fragments for PCR using anchored primers having a discrimination sequence. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter the present invention will be described in detail with reference to Examples, by referring to the draw- 
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ings. 

Example 1 



to 



Fig 1 is a flow chart showing the procedure in Example 1 of the present invention. In Example 1, steps (5) and (6) 
described above are continuously carried out to simultaneously determine the base sequence of the selected DNA frag- 
ment and the base sequence of a sample DNA adjacent to the base sequence of the selected DNA fragment. Alterna- 
tively, steps (5) and (6) can be performed at the same time. As a sample DNA, pl)C19 was employed. 

Am plification of sample DNA 

,s Where the amount of sample DNA is small, sample DNA 1 is amplified by PCR. First, in order to make cyclic pUC19 
linear 10 pmols of pUC19 is digested with 100 units of Pstl at 37°C for an hour. Ethanol precipitaton is performed in a 
conventional manner to give linear pUC19. Next, poly A sequence is introduced into the digested pUC19 1 at the 3' ter- 
mini using 1 mM ATP and 12 units of terminal deoxynucleotidyl transferase. Primers for PCR hybridize with the poly A 
region. There are used two primers having the following base sequences: 
so | | | 1 1 I I I 1 1 I I I 'TGCAGGC (SEQ ID NO. 3) 

Mi l l 1 1 GCAGGT (SEQ ID No. 4) t ^ 

PCR was carried out using 96 pmols of each of the two primers, the product of 5 fmol of poly A-tailed P UC19 digested 
with Pstl 30 nmols each of dATP, dCTP. dGTP and dTTP and 15 units of Taq DNA polymerase. The amount of each 
reaction solution was 4800 nl . Each reaction solution was divided into 96 aliquots for thermal cycling reaction. The ther- 
ms mal cycling reaction was carried out by repeating twice the cycle of 30 seconds at 94°C, 30 seconds at 47°C and 5 min- 
utes at 72°C and then 35 times the cycle of 30 seconds at 94°C, 30 seconds at 55°C and 5 minutes at 72°C. 

In order to remove the unreacted primers and dATP, dCTP, dGTP and dTTP, the reaction mixture was fractionated 
by 0 7% agarose gel electrophoresis. Approximately 15 pmols of linear pUC19 was obtained as the highly pure PCR 
product corresponding electrophoretically to a single band of 2.7 Kbp. Hereinafter this linear pUC19, i.e., the PCR prod- 
50 uct is called sample DNA 1 . 

Fragmentation of sample DNA 

The PCR product of pUC1 9 is digested with a restriction enzyme to prepare DNA fragments. In this Example. Hhal 
35 is used as a restriction enzyme but the restriction enzyme capable of digesting sample DNA 1 (PCR product of pUC1 9) 
is not limited to enzyme Hhal. In Fig. 1 , numerals 1 2, 13 and 14 denote fragments digested by the restriction enzyme^ 
In a solution of 10 mM Tris-HCI (pH 7.5). 10 mM MgCI 2 , 50 mM NaCI and 1 mM of dithiothreitol 84 units of Hhal is acted 
on 5 5 pmols of the pUC19 PCR product. The reaction is carried out at 37°C for an hour. After completion of the reac- 
tion a known base sequence is introduced into the DNA fragments at the 3' end using a part of the reaction solution, 
in accordance with the method for introducing an oligonucleotide into a DNA fragment at its 3' end. as will be later 

described. A . . . 

Next primer extension reaction is carried out using 16 primers (SEQ ID NO. 5). The extension reaction products 
are analyzed on every 16 primers by electrophoresis. Fig. 2 shows the results of the analysis. In Figs. 2 and 4 numerals 
39 38 37 and 40 denote base length, electrophoretic peak of each primer, electropherogram of each DNA fragment 
produced by primer extension reaction, and terminal two base sequence of each primer, respectively. Based on the 
results shown in Fig. 2, the extension reaction products of the respective primers are fractionated until one kind of the 
product is given by each primer. 

For fractionation, the Hhal digestion solution is immediately fractionated by 2% agarose gel electrophoresis to give 
four fractions of the first to the fourth. As shown in Fig. 3. electropherograms 91 . 92. 93 and 94 having four isolated 
bands are obtained from the first the fourth fractions, respectively. Each band of DNA size marker 90 denotes every 1 00 
base length from the bottom like 100 kb, 200 kb, 300 kb ... and so on. 

Introduction of oligonucleotide into DNA fragment at the 3' end thereof 

There are two methods for introducing an oligonucleotide having a known base sequence into a DNA fragment at 

the 3' end thereof. .„ „„ 4 . , 

A first method comprises introducing an oligonucleotide having a known base sequence into a DNA fragment by 
ligation In this method, an oligonucleotide is introduced into a DNA fragment only at the 3' end thereof. Out of a double 
stranded oligonucleotide for ligation, the 3' end of the double stranded oligonucleotide for use in ligation at the site con- 
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tiguous to the 5' end of a DNA fragment is converted into a dideoxynucleotide form. Alternatively, the 5' phosphate in a 
DNA fragment is previously removed. This is because, where a superfluous oligonucleotide is introduced into a DNA 
fragment at the 5' end, the base sequence missing in the original DNA strand is inserted into the complementary DNA 
strand formed at step (5) so that step (6) fails to work. 

5 A second method comprises sequentially adding dATP (2*-deoxyadenosine SMriphosphate) or dTTP (2'-deoxythy- 
midine S'-triphosphate) to a DNA fragment at the 3' end thereof using terminal deoxynucleotidyl transferase (hereinafter 
sometimes referred to as terminal transferase). In this Example, the second method is employed since the second 
method is simpler and more efficient than the first method. 

In order to ensure the site with which a f luorophore tagged primer can hybridize, poly A is introduced into each DNA 

w fragment at the 3' end. For introducing poly A, there is employed terminal deoxynucleotidyl transferase. The reaction 
conditions are shown below. To approximately 4 pmols of each fraction are added 1 mM dATP, 5 mM CoCI 2 . 5 mM 
MgCI 2 , 0.5 mM mercaptoethanol and 50 mM sodium cacodylate {pH 7.2). Thereafter 12.5 units of terminal deoxynucle- 
otidyl transferase are added to the mixture to react them at 37°C for an hour. 

is Discriminating complementary stra nd synthesis 

As shown in Fig. 1 , the resulting DNA fragments 2 and 3 have poly A part 21 introduced at the 3' ends, recognition 
base sequence portion 22 and selected base sequence portion. The selected base sequence portion 22 is a two base 
portion selected by f luorophore tagged primer 31 

20 Digestion of a sample DNA with a restriction enzyme gives a plurality of DNA fragments as admixture thereof. For 
selectively sequencing the objective DNA fragment 3 alone, fluorophore tagged primer 31 is used. In fluorophore 
tagged primer 31 , arbitrary base sequence part 201 is composed of two optional base species and there are 16 com- 
binations in total. Poly T part 203 and recognition base sequence part 303 of fluorophore tagged primer 31 can hybrid- 
ize completely with poly A part 21 and to recognition base sequence part 23 of DNA fragment 3, respectively. 

25 In complete hybrid 51 , the arbitrary base sequence part 201 in fluorophore tagged primer 31 can hybridize only with 
the DNA fragment 3 having a complementary base sequence 22 to the arbitrary base sequence part 201 . Turning to 
incomplete hybrid 52, however, the arbitrary base sequence part 201 fails to hybridize with DNA fragment 2 at the ter- 
minus thereof. The objective DNA fragment 3 can thus be discriminated by reacting 16 fluorophore tagged primers with 
DNA fragments. 

30 In practice, only fluorophore tagged primers that can be used for sequencing are previously selected and then 
sequencing follows. First 16 M l of a mixture of 0.1 mM dATP, 0.1 mM dCTP, 0.1 mM dGTP and 0.1 mM dTTP and 8 nl 
of Tris-HCI (250 mM, pH 9.5) supplemented with 75 mM MgCt 2 are added to each fraction of the DNA mixture contain- 
ing approximately 200 fmols of DNA fragments to make the whole volume 48 \il The mixture is divided by 3 each into 
16 vessels. To each vessel are added each fluorophore tagged primer (0.001 mM, 0.5 ul) and 2 units/^l ^thermostable 

35 DNA polymerase (0.5 ^1). As the thermostable DNA polymerase used, ATaq™ and ThermoSequenase™ (both manu- 
factured by Amersham International, Inc.) are more effective than Taq polymerase usually employed widely. This is 
because, with conventional Taq polymerase, an extension reaction often ceases at a specific base sequence portion. 
A thermal cycle reaction of 94°C, 30 seconds -> 66°C, 30 seconds -> 72°C. 60 seconds, is repeated 5 times. The thus 
obtained products are analyzed by electrophoresis. 

40 Fig. 2 shows the results of the anatysis, i.e., migration patterns, prior to fractionation. Fig. 4 shows the migration 
pattern of Fraction 4 (fraction that gave migration pattern 94 in Fig. 3) after fractionation. Fig. 4 further indicates the 
migration pattern for two base sequence 40 of the arbitrary base sequence part 201 in each of the primers used. 

In the migration patterns of the DNA fragment selected by primers having terminal base species XY (wherein XY 
denotes the combination of optional two bases) shown in Fig. 4, where no peak other than the primer peak 38 appears 

45 at all, it means that any DNA fragment reactive with primers is absent. In Fig. 4, only one peak is detected in the elec- 
tropherogram of the DNA fragment selected by the primer having two base sequence of AA, meaning that the primer 
hybridized with only one DNA fragment. Therefore, this procedure enables to sequencing explained hereinbelow. 

In Figs. 2 and 4, the electropherogram in which two peaks or more appear (for example, the migration pattern of 
the DNA fragment selected by the primer having the terminal two base sequence GG shown in Fig. 4) indicates that the 

so fluorophore tagged primer used hybridizes with a plurality of DNA fragments. The migration pattern of the DNA frag- 
ment selected by the primer having the terminal two base sequence GG shown in Fig. 4 indicates that the fluorophore 
tagged primer having GG as the arbitrary base sequence part 201 acted as a fluorophore tagged primer for two DNA 
fragments. This fluorophore tagged primer having GG as the arbitrary base sequence part 201 is not applicable to the 
case that it is wanted to sequence only one kind of DNA fragment having a specific base sequence. 

55 In Fig. 4, however, the left peak of the two contiguous peaks in the migration pattern of the DNA fragment selected 
by the primer having the terminal two base sequence GG is equal in fragment length to the peak in the migration pattern 
of the DNA fragment selected by the primer having the terminal two base sequence CA. Likewise, the right peak of the 
two contiguous peaks in the migration pattern of the DNA fragment selected by the primer having the terminal two base 
sequence GG is equal in fragment length to the peak in the migration pattern of the DNA fragment selected by the 
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primer having the terminal two base sequence AA. That is. the DNA fragments which P^^^^S 
(miaration time) are in relation of + strand and - strand in double strands. Accordingly, the two DNA fragments selected 
W^t& J^ two base sequence GG can be discriminated from each other by PGR 
irig terminal base sequences CA and GG or terminal two base sequences AA and GG, wh,ch are adjacent to the rec- 
ognition base sequence part of each DNA fragment. 

In the explanation above, the embodiment in which DNA fragments are discriminated using primers having an , arbi- 
trarv base siuence of two bases XY (wherein XY represents the combination of two optional bases) .s used as an 
J^TTSErC-* -y also be discriminated from each other using primers having an arbifrary ^base 
seJZce of three bases XYZ (wherein XYZ represents the combination of three optional bases) or four bases WXYZ 
****** the combination of four optional bases). As described above, fluorophore tagged pnmers 
for use in sequencing can be readily selected in advance. 

Complementary strand sy nthesis and sequencing 

Next sequencing is carried out using the thus selected fluorophore tagged primer. Herein the procedure is 
explain^ ta*n as " example in which Fractions 1 and 4 showing migration patterns 91 and 94 ,n Rg. 3, respectively 
S > eWoyed as DNA fragments. The analytical (electrophoretic) results of the fractions after fractionation reveal that 
Tn FraS 1 2d 4 the fluorophore tagged primer having AA as the arbitrary base sequence part 201 hybridizes with 

31 hvbridizes is determined as follows, using the primer 31 having AA as the artxtrary base sequence part 20V 

A ^u^rBing reaction is carried out by adding the intact PCR product (sample DNA 1) not digested with Hhal 
.inr^hXomo^e Sqqed primer 31 also reads the base sequence of DNA fragment 14 adjacent to DNA fragment 

ize with sample DNA 1 . The extended DNA strand 32 obtained by complementary strand syrrthes.s using DNAfragment 
3 aH ternX hybridizes with sample DNA and by sequencing reaction, the extended DNA strand 33 rs produced. In 
jZ SS^^ «* fragments decreases as the fragment length is prolonged to reduce a s,gna. 

'"Tn order to ensure a satisfactory signal intensity from the extended DNA strand 33 cMnjd by • 
extended DNA strand 32 it is effective to previously extend the fluorophore tagged primer 31 to the 5 end of DNA rag 
men ^3^ontdNTP (a mixture of dATP, dCTP. dGTP and dTTP) to produce the extended DN .strand 32 ^,n a large 
Tantity Thereafter sequencing is carried out using the extended DNA strand 32 by using sample DNA 1 as a template 
2 obS th etf ende^DNA strand 33. That is, after the extended DNA strand 32 which functions as a primer -to .riact 
samS DNA lis produced in a large quantity, dideoxy nucleotide is added thereto followed by sequencing. The deta.ls 
o?S reaU le S forth below To Fraction 1 or 4 containing approximately 100 fmols of each DNA fragment are 
tZT^^ore tagged primer 31 (1 pmo,/„). 4 „ of dNTP and s = £ ***** ^Tn^^Tlo 
mented with 75 mM MgCb to make the whole volume 14 nl. The m,xture .s divided by 3.5 pi each .nto 4 vessels. To 
ZZ^ZVSn*^ of Taq DNA polymerase (ATaq polymerase (Amersham). 0.5 ^ A thermal cycle reac- 
tion cJSS 30 seconds - 64°C, 30 seconds - 72°C, 60 seconds, is repeated 5 times to obta.n a .arge quantity of the 
Ponded DNA strand 1 2 to the 5' end of the DNA fragment 3. 

Nerf 12 5 fmols of the PCR product (sample DNA 1). dideoxynuc.eotide (ddNTP) and 4.5^of a deoxynuceotide 
mixture arl add7to the reaction solution containing large quantities of the extended DNA strand 32. respectively. The 
dideoxynucleotide and deoxynucleotide used for the reaction are as follows: 

for A termination reaction, 0.020 mM dNTP and 1 .0 mM ddATP; 
for C termination reaction, 0.020 mM dNTP and 0.50 mM ddCTP; 
for G termination reaction, 0.020 mM dNTP and 0.10 mM ddGTP; and, 
for T termination reaction, 0.020 mM dNTP and 1 .0 mM ddTTP. 

The rrtxtureissutiededtoalhemwl cycle reacts 
30 times Bhano, precipitation is performed to recover the reaction products. The reaction products are sub,ected to 
electroDhoresis and sequenced with a fluorescent DNA sequencer. „„ c: „ c 
The eTettroDhoreS of the mixed DNA fragments in Fractions 1 and 4 gives clear electropherograms shown ,n F.gs. 
5A throu 1 5E and S « through 6E. Figs 5A and 6A, 5B and 6B. 5C and 6C, and 5D and 6D show the electroph- 
en^a^s of fragment A groups teLnated with A. the electropherograms of fragment C groups terminated with C, the 

fragment Q groups terminated with G and the electropherograms of fragment T groups 
t^T*? ™^ * the 3- end by extension of fluorophore tagged primer 31 . Figs. 5E and 6E mdicate : the «*r- 
lidllelpherc^rams of the respective DNA fragment groups of A, C, G and T. The migration patterns ^42 and 43 
are 9 teTby the DNA fragment sequencing products produced using DNA fragment 3 as a ^ °" 
strand 34in Fig 1) the DNA fragment produced by extension of fluorophore tagged pnmer 31 totheS end of DNA frag- 
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menl 3 in which the extension reaction terminated (extended DNA strand 32 shown in Fig. 1) and extended DNAstrand 
33 by further extension of the extended DNA strand 32 (Fig. 1 ) ligated with DNA, respectively. 

In conventional sequencing, only migration patterns 41 and 42 are obtained. However, in this Example, the base 
sequence of DNA fragment 3 can be determined and at the same time, the contiguous sequence of sample DNA adja- 
cent to DNA fragment 3 can also be determined. In the embodiment, it is assumed that lengthy sample DNA is fully 
digested with a 4-base cutter restriction enzyme. Even if the sample DNA is not completely digested with a 4-base cut- 
ter restriction enzyme, there is no problem for sequencing if, e.g., 20 to 30% of the sample DNA is digested with a 4- 
base cutter restriction enzyme. Furthermore, beyond the portion ideally digested with a restriction enzyme, at least a 
part of the contiguous sequence of the digested DNA fragment by a restriction enzyme can also be determined. 

In this embodiment, the DNA fragments complementary to the 3'-terminal arbitrary base sequence part 201 of 
fluorophore tagged primer 31 and to the selected base sequence part 22 adjacent to recognition base sequence part 
22 by restriction enzyme can be selected by fluorophore tagged primer 31 from the fragments of sample DNA 1 
digested by a restriction enzyme to effect selective sequencing. The selectivity can be more improved by setting an 
annealing temperature for formation of complementary strand at 60°C or higher, preferably in the range of 62 to 68-C. 

Complementary strand extension reaction proceeds from the 3' terminus to the S terminus of DNA fragment 3 with 
which fluorophore tagged primer 31 has hybridized. In conventional DNA sequencing, dideoxynucleotide is added as 
any one of particular base species A. C, G and T so that the extension reaction terminates at the srte where * the s dide- 
oxynucleotide is introduced. The extended DNA strand 32 is a DNA strand which reached the 5' terminus of DNA frag- 
ment 3 When no dideoxynucleotide is added to the reaction system, the extended DNA strand 32 reaches the 5 
terminus of DNA fragment 3. Using sample DNA 1 as a template, sequencing reaction using the DNA fragment- 
extended DNA strand 32 as a primer reaches also DNA strand part 14 beyond the part digested with a restriction 
enzyme and hence, the base sequence of the DNA strand part 14 can also be determined. In order for the extended 
DNA strand 32 once produced by complementary strand synthesis to function as a primer for sample DNA 1 , it is nec- 
essary that the extended DNA strand 32 should isolated from DNA fragment as the template and dissociated into a sin- 
gle strand by heat denaturation. Thermal cycle sequencing is used for the isolation. A cycle sequencing cornpnang the 
steps of hybridization (e.g. , 64°C for 30 seconds) of primer (fluorophore tagged primer 31 and extended DNA strand 32) 
with the template DNA (DNA fragment 3 and sample DNA 1). complementary strand extension reaction (e.g., 72°C for 
60 seconds) and dissociating the extended primer from the template DNA by heat denaturation is repeated, for exam- 
ple 30 times By the cycle sequencing, DNA fragment 34 extended on the way to DNA fragment 3 using DNA fragment 
3 as a template and extended DNA strand 33 obtained by extension of the extended DNA strand 32 using sample DNA 
1 as a template can be obtained simultaneously. As the result, the base sequence of DNA fragment 3 and at least a 
part of the base sequence of the sample DNA adjacent to the 3' terminus of DNA fragment 3 can be determined. With 
respect to other DNA fragments, the base sequence of each DNA fragment and at least a part of the base sequence of 
the sample DNA adjacent to the 3' terminus of each DNA fragment can also be determined. 

The base sequence of each DNA fragment by a restriction enzyme and the contiguous sequence of sample DNA 
adjacent to the 3' terminus of each DNA fragment overlap the base sequence of another DNA fragment around the 5 
terminus thereof so that the base sequences of the respective DNA fragments can be readily linked w,th each other. 
Furthermore the restriction enzyme site in a sample DNA can be easily detected since the peak of the primer extension 
products 32 extended to the terminus of DNA fragment 3 by complementary strand extension reaction is observed 
intensively. In actuality, some of the DNA fragments of pUC19 by Hhal can be sequenced in such a manner as 
described in this embodiment to examine how to link the base sequences with each other. Therefore, the overall full- 
lenqth base sequence of pUC1 9 can be determined without cloning. 

Fig 7 is a drawing for explaining the sequencing of pUC1 9 (2.7 Kbp in full length) in Example 1 of the present inven- 
tion In Fig 7 symbol i denotes cutting site with Hhal, numeral values such as 270, 393, etc. around symbol «- - -» 
denote the length between the cutting sites with the restriction enzyme (the number of bases), the abscissa denotes 
base length and symbols - and «- - denote the portion to be sequenced in this embodiment, respectively, and symbol 
- -> and symbol - shown parallel to symbol «- - denote the base sequence part adjacent to the Hhal-d.gested DNA frag- 
ment to be sequenced in the embodiment (the base sequence part which provides information how to link the base 
sequences of the respective DNA fragments with each other). Further in Fig. 7. the sequencing site 770 is the portion 
determined by the migration patterns shown in Fig. 6 and composed of the base sequence part of DNA fragment 770- 
1 and the base sequence 770-2 which is a part of the DNA fragment adjacent to DNA fragment 770-1 . As shown in Fig^ 
7 information from the base sequence part shown by - which provides information how to link the base sequences of 
the respective DNA fragments with each other, can be efficiently utilized, whereby the pre-base sequence of pUC19 
having full base length of 2.7 Kbp can be determined. 

Example 2 

In this embodiment, where a sample of lengthy DNA is obtained by cloning, a long DNA fragment obtained by 
digesting the sample DNA with the restriction enzyme used for cloning is used as sample DNA 1. The method of the 
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present invention will be described below, taking as an example the case ,n wh,ch he method is applied to lambda 
DNA A key for successful sequencing lies in previously performing complementary strand synthes.s using 16 primers 
^n the case that the arbitrary base sequence part for selecting DNA fragments are two bases) and properly judging how 
man '5! '££Z^ length are present and which DNA fragment should be taken out by fract.onat.on. 

Fig 8 shows electropherograms of the products by strand extension reaction using fluorophore tagged pr.mers by 
using as templates the DNA fragments of lambda DNA (47.7 Kbp) digested with Hhal. When there are toe > many p*d- 
ucte as shown in Fig 8. it is difficult to fractionate the DNA fragments. For sequencing of a huge sample DNA such as 
lamMa Dn7« is deseed to previously digest the sample DNA with, e.g.. a 6*ase cutter restriction enweparate 
aXcSoTate the Resulting DNA fragments by electrophoresis and further digest ^^J^^TS 
ments with a 4-base cutter restriction enzyme; thereafter, the base sequence can be determ.ned as in the ^case ^ of 
PUC19 in Example 1. For example, Pstl and Hhal may be employed as the 6-base and 4-base cutter restriction 
enzymes, respectively. 

Example 3 

In general, long DNAs obtained by cloning are stored in many research laboratories in the forrr .of DNA jibrar* 
Alternatively c oning in the region of a DNA to be sequenced has been completed ,n most cases. According o the 
P^?££n. the base s^uence can be determined eflicientiy without subc.oning f^J 
nas a.ready been made. This embodiment will be explained with reference to. e g linear DNA as samp* DNA 1 which 
is obtained by digesting P UC19 as a model with restriction enzyme Pstl. This embod.ment .s different from Example 1 
inJatTn^ 

to the same numbering system as used in Fig. 1. With 100 units of Pstl is d.gested 10 pmols of pUC19 at 37 C for an 
hour E~ P recipitaU is carried out in a conventional manner. Since Pstl digests pUC19 at one s,te. linear pUC19 

° TheSse sequence is determined as in Example 1 , which will be described below. The linear pUC19 is digested 
with restriction enzyme Hhal to prepare DNA fragments. The DNA fragments are fractionated into 3 fractions by agar- 
ose T^^uor^L tagged primer 31 used for sequencing is selected from 

ers Using fluorophore tagged primer 31 , an extension reaction is carried out to obtain extended DNA strarx 32. Next, 
h e2Ld DNA strand 32 is extended using P UC19 as a template to obtain extended D N A strand 33 and the base 
sequence is determined as in Example 1. As the result, the base sequence of specrfic DNA fragment 3 and the 
sequence of sample DNA 1 (pUC19) adjacent to the 3' terminus of DNA fragment 3 can be determined. 

Example 4 

When the length of a DNA fragment reaches 400 to 500 bases or more, it is difficult to obtain a sufficient numbers 
of DNA fra ments 9 In addHion to decreased signal intensity from the DNA fragment, there , ^"*T™£ 
ability of fractionating DNA strand length also decreases. These problems can be solved by, e.g.. the follow.ng proce 
dures, which will be explained by referring to Fig. 9. raMlB . nw « c nn «,ith a 

As in Example 1 poly A is tailed at the 3' end of DNA fragment 501 obtained by d.gest.ng sample DNA 500 w.th a 
first /eviction enzyme Using the poly A-tailed DNA fragment 501 as a template, sequencing ,s earned out by using 
flutophoS tagged Primer 502 (crttf a first primer) which hybrkiizes with the recognition base sequence pari I by the 
restrSon enzyme and the contiguous unknown base sequence part adjacent to the recognrtion base sequen* part 
Th? Suiting DNA fragments 550 having various lengths are electrophoresed and the base sequence of DNA fragment 

45 525 fhe'pol^ailed DNA fragment 501 as a template, complementary strand synthesis is carried out to obtain 
DNA fragment ^30 by the complementary strand synthesis. The DNA fragment 530 by the 

thesis s Sped by avidin-immobilized beads 51 0 to withdraw the DNA fragment 530 from the reaction solution. There- 
afte IhTs teTminus of DNA fragment 530 obtained by the complementary strand synthes.s is decomposed by 
Suo cohere taqged dNTP 51 1 and DNA polymerase having a 3'-exonuclease activity (3' -> 5' exonuclease reaction). 

inn a fluorescent label at the 3' terminus thereof (3'-terminal recognition reaction). , 

9 AUNs ste^p, a second restriction enzyme for digesting double stranded DNA around ^J^^J 
merrtSOlisdedded based on thebase sequence of DNA fragment 501 previously sequenced Jhe fluorophore tagged 
SsSndSigested with the second restriction enzyme to obtain second primer513usedasashortfluorophore 
taq^ prime uJing sample DNA 500 as a template, the second primer 513 is extended by sequenang reaction 500 
and the c^se sequence is determined as in Example 1 . Of course, the extension product of the second pr.mer 5 3 may 
be d gesS w!tXe second restriction enzyme after extension of fluorophore tagged DNA strand 512 ha.ng a f.uores. 
Sn labeTat' e 3' terminus through sequencing reaction using sample DNA 500 as a template. The second primer 51 3 
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is complementary to a part of sample DNA 500 and the extension product of second primer 513 produced by he 
is short by the length digested with the second restriction enzymejhe products obtain* I by - the 
s^uencing reaction can be detected with a fluorescent DNA sequencer up to a longer DNA fragment length so that the 
base sequence can be determined more accurately. 



Example 5 
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In Example 4 above, DNAstrand 51 2 tagged with fluorophore at the terminus is d,gested with *e second restr ct.cn 
enzyme whi£ is different from the first restriction enzyme. In this embodiment, the DNA strand extended us,ng a ifluor- 
oohoTe taqoed terminator is digested with the same restriction enzyme as used for producing DNA fragments and the 
base sSnle See* to each DNA fragment is determined. The procedures of this embodiment are shown ,n F,g. 

1 °' Sample DNA 700 is digested with, e.g., restriction enzyme Hhal to give DNA fragments 701, 702. 703 l a nd 704. 
ThereaS the strand complementary to the objective DNA fragment 702 is prepared using a first pnmer 710 hsv.ng a 
dSinaiion sequence at the 3' terminus thereof. The 5' terminus of the first primer 710 is labeled with b,ot.n 71 V 
S3 -immobilized beads 12, the first primer 750 extended by complementary strand extension reaction ,s fished 
orAft^eZng DNA fragment 702 used as the template, the extended sing.e strand from the f.rst pnmer 710 .s 
used as a Drimer for sequencing, which is called second primer 750. 7i . 

Tne s£rt pLeTmay also be fished out using magnetic beads instead of avidin-immobil.zed beads 712. The 
secoZ imer ?50 rmixed wrth sample DNA 700 and a sequencing reaction solution is added to the ^ 
^sequencing Thus DNA fragment 720 having a fluorescent label at the 3' end is obtained. Subsequently DNA f rag- 
reaction enzyme Hhal and the second primer 750 is removed The result^ .DNA fragment 
7?1 s e^cfrophoresed and sequenced with a fluorescent DNA sequencer. According to th.s embodiment the base 
SJ^ceTC^DNA 700^djacent to the 3' terminus of DNA fragment 702, with which the f.rst pnmer 710 hybrid- 
izes, can be determined. That is, the base sequence of DNA fragment 703 can be determined. 

Example 6 

As shown in Example 2, where the base sequence of a huge DNA sample of several ten kbp is determined, it is 
advartaoZs to previously digest the sample DNA with a 6-base cutter restriction enzyme, separate and fracfona e 
bf2oZresis P Lher digest each of the resulting DNA fragments with a 4-base restriction enzyme ^nd apphj to 
the DNA fragments the procedures explained in the Examples above. Thus, the overall base sequence can be deter- 

Te wh^e systm for perforSng the fractionation and sequencing above comprises a Ration apparatus, a 
SuSga^ 

mpnt Therefore the system can be operated without requiring any particular skill. 

of the system for performing a series of procedures for fractionation and sequencing. 
The svttem shown in Fig 1 1 is constructed by enzyme reaction apparatus 900. fragment analys.s apparatus 901 , elec- 
SSISi 902 for fractionating fragments. DNA sequencer 903. XYZ stage apparatus 905 for mov.ng . pb- 
SdSSSSy holding these pipettes 904 for sending sample, reaction products, etc. between the apparatuses 
arc ?in1tmments and omputer 906 for controlling the movement of each apparatus under the predefined program. 

at least 16 se^ns reacting reagent holding portion 91 1 for holding reagents such as enzyme, buffer, etc enzyme 
d Sg^eaSrportl 912 for performing the digestion of a sample DNA with a restriction enzyme, DNA recovery 
Sn 913 S recovering the reaction products at the enzyme digesting reaction porfon, extens.on react** po on 
914 havL at least 16 sections for extension reaction, sequencing reaction portion 918 .n wh.ch sequencng .s earned 
o« oSe wafhl portSn 915 and sample holding portion 917 for holding sample DNA. Each port,on construing 
Si^^SSSi*- 900 is independently controlled by a temperature controlling apparatus (no, shown) 
S^^pS 906. Travel of sample solutions, reagents and solutions containing 
these portions is made through pipettes 904. The position and movement of pipettes 904 are controlled Iv W 
wi^s*>5 Control of sucking and discharging solutions from and into the pipettes ,s made by control signal from 
the comouter 906, together with the control of movement. 

Sample DNA is taken from the sample holding portion 917 to the enzyme digesting t^J^™£™* 
oioette From the reacting reagent holding portion 91 1 restriction enzyme and the l.ke are separated and added to the 
^•^^^i Portion 912 and the reaction is carried out by maintaining at 37°C for an hour. M« 
^on d the reaction the reaction solution is moved into the DNA recovery portion 91 3 through pipette 91 3, in which DNA 
^ J7£fe£> enzyme is recovered. The DNA recovery portion 913 is constructed by sil.ca-beads membrane 
and a DumD DNA is recovered firstly by trapping DNA with a silica bead filter, washing and then washing with water A 
Z of Sus re o e^ digestedDNA is divkied into 16 aiiquots followed by an extension reaction at the extension 
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reaction portion 914, using a set of 16 primers. The reaction products are sent to the fragment analysis apparatus 901 
through pipette, in which the reacted primers and fragment length are measured. The results of measurement are ana- 
lyzed with the computer 906 and the range of the DNA fragment mixture for fractionation is determined so that each 
primer can utilize one fragment extension. The DNA fragment mixture remained in the DNA recovery portion 913 is sent 

5 to the electrophoresis apparatus 902 for fractionation to fractionate the DNA fragment mixture into 2-5 fractions. 

Each fraction is travelled to the sequencing reaction portion 918, where sequencing reaction is performed. Rea- 
gents necessary for the sequencing reaction is supplied from the reacting reagent holding portion 91 1 to the sequenc- 
ing reaction portion through pipette. The sequencing reaction products obtained in the sequencing reaction portion 918 
are sent to the DNA sequencer 903 and electrophoresed there, whereby the electrophoretic results necessary for 

w sequencing is obtained. Based on the electrophoretic results on each fraction, the base sequence of sample DNA can 
be determined DNA sequencing of the sample DNA can be made by computer 906 or a computer DNA sequencer 903 
has independently. The computer 906 is equipped with display apparatus 916. on which the status of various controls, 
base sequence information and the like are displayed. 

is Example 7 

Fig 12 is a drawing for explaining a process for DNA analysis according to the method of the present invention for 
preparing a sample. Solution 302 containing sample DNA 301 (having several Kb to 1 0 Kb in length) is divided into two 
aliquots which are then taken in first tube 302-1 and second tube 302-2, respectively. Sample DNA charged in the first 
tube 302-1 is digested with restriction enzyme Nlalll to obtain DNA fragment groups 303. Nlalll recognizes base 
sequence -CATG- and produces DNA fragments having 3'-terminal base sequence of -CATG(3'). The restriction 
enzyme employed may be any one of Sau3AI, Hhal, Mael and others but a 4-base cutter restriction enzyme is preferred 
since its digestion site appears with high frequency. DNA oligonucleotide 304 is added to solution 320 containing DNA 
fragment groups 303 to bind DNA oligonucleotide 304 having a known base sequence at least at the 3' end of the diges- 
tion site by a restriction enzyme. For binding of DNA oligonucleotide 304, there are poly A tailing using terminal deoxy- 
nucleotidyl transferase and ligation. Herein, the procedure is explained by referring to ligation. Solution 321 containing 
the ligation reaction products is divided into two aliquots, which are charged in tubes 322 and 323. 

Fig 13 shows a DNA fragment with which DNA oligonucleotide is ligated. In Fig. 13. symbols N and n represent 
nucleotide (any one of A, T, G and C) for constructing the DNA fragment to be sequenced and recognition sequence 
305 recognized by Nlalll is -CATG-3'. The 3' terminal site of DNA strand after ligation of DNA oligonucleotide 304 is 
replaced with, e.g.. dideoxynucleotide so that the complementary strand is not extended any longer. Of course, 3'-OH 
of the DNA oligonucleotide may be modified with an amino residue or a biotin residue to block the 3'-terminal extension. 
The reason why the 3'-terminal complementary strand synthesis is blocked in the DNA strand after ligation of DNA oli- 
gonucleotide 304 is to prevent the formation of complementary strand to the anchor portion, where, in complementary 
strand synthesis using the anchored primer employed, the 3' terminus (portion having a base sequence for discriminat- 
ing DNA fragments) of the anchored primer is not fully complementary to the DNA fragment. In the strand in which the 
3' terminus of the anchored primer completely coincides with the DNA fragment, a part of the anchored primer hybrid- 
izes with the other terminus (3' terminus of the synthesized strand). By further extension, DNA fragment having com- 
plementary base sequence to the anchored portion at the 3* terminus thereof is synthesized. 

Fig 14A is a conceptional drawing of a set of anchor primers (anchor primer set (1)) that hybridize with the terminal 
DNA strand (single strand) after ligation of DNA oligonucleotide 304. Fig. 1 4B is a conceptional drawing of a primer set 
(2) that hybridize with the terminal DNA strand (single strand) after ligation of DNA oligonucleotide 304. There are pre- 
pared 16 anchor primer set 306 (4 to 256 anchored primers in response to 1 to 4 bases) having complementary portion 
315 to DNA oligonucleotide 304 introduced into the DNA fragment and anchor sequence 31 1 at the 5' terminus thereof 
and having 3'-terminal discrimination sequence 312 of 2 bases (which may be 1 to 4 bases) shown by XX. The discrim- 
ination sequence 31 2 is a base sequence for selecting a specific DNA fragment from a mixture of DNA fragments. The 
base sequence of the anchored portion 31 1 in the anchor primer set 306 or the portion containing the anchored portion 
31 1 is substantially a universal sequence. In this case, as shown by 313 in Fig. 14A, there are prepared 16 anchored 
primers (anchor primer set (1)) in which the sixth base position at the 3' terminus in anchor primer set 306 (one of the 
recognition sequence by a restriction enzyme; C in this case) and primer set 307 (primer set (2)) in which C is kept as 
it is without any replacement. In this embodiment, there is no need to attach any anchor to the primer set (2) as shown 
in Fig 1 4B but for convenience of later check, the primer set (2) is labeled with Texas Red or FITC f tuorophore tag 3 1 4. 

Using the primer set (2) tagged with one f luorophore and the DNA fragment mixture, primer extension reaction is 
carried out That is as shown in Fig. 12. the ligation products-containing solution charged in tube 322 is divided into 16 

aliquots which are charged in 16 tubes named 322-1 . 322-2 and 322-16, respectively. Each of the primers which 

are different from each other is added to each tube to perform complementary strand synthesis. That is. the primer of 
a variable and discrimination sequence 312 is added to each tube. The products of complementary strand synthesis 
are subjected to gel electrophoresis. Fig. 1 5 shows gel electropherograms of the complementary strand synthesis reac- 
tion products, in the migration patterns, the primer having variable and discrimination sequence 312 and the comple- 
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mentary strand synthesis reaction products from + and - strands in the double stranded DNA appear as a pair at equal 
distance L from the point when the migration starts. Where the 3-terminal two bases of the primer completely matches 
the DNA fragment, complementary strand synthesis occurs to produce fluorophore tagged DNA fragment having the 
same length as that of the DNA fragment. By obtaining the spectra shown in Fig. 15, it is thus appreciated that in the 
5 DNA fragment groups there are fragments of what fragment length and what the terminal base sequence is like. Fig. 1 6 
shows a construction of the detected DNA fragment. For example, DNA fragment having about 400 bp in fragment 
length appears in the electropherograms obtained using the primer having AG as a discrimination sequence (primer 
selecting sequence) and the primer having TC as a discrimination sequence (primer selecting sequence). The results 
reveal that the DNA fragment having a length of about 400 bp and having the respective 3" -terminal base sequences of 
r0 3' □ GTACTC ... 5' and 3' □ GTACAG ... 5' is contained in the double stranded DNA fragments obtained by digesting 
sample DNA with a restriction enzyme. Herein, symbols and indicate the base sequence of oligonucleotide 
introduced into the DNA fragments through ligation and the base sequence inherent to the DNA fragments, respec- 
tively. The S'-terminal base sequences following the base sequence 3' GTAC 5* in the recognition base sequence by a 
restriction enzyme become complementary base sequences to AG and TC, respectively. That is, the results reveal that 
15 the DNA fragments shown in Fig. 1 6 are present in the DNA fragment mixture. In order to take out only the specific DNA 
fragment, polymerase chain reaction (PCR) may be performed using anchored primers having AG and TC as the ter- 
minal base sequence, respectively, to increase the copy number of the specific DNA fragment by several figures as 
compared to the other DNA fragments. 

The base sequence of the thus obtained DNA fragments and the base sequence of sample DNA associated there- 
to with are determined using primers labeled with 4 fluorophore tags, respectively. For sequencing using the existing four 
fluorophore tagged primers, there is employed anchor primer set 306 (1) in which the primers are anchored at the 5' 
terminus. That is, the anchored primers are primers having anchor sequence 31 1 common to universal primers, the 
primer sequence 315 substantially complementary to DNA oligonucleotide 304 introduced at the 3* terminus of DNA 
fragments by ligation and common to the anchor primer set 306, a base sequence common partly or wholly to the base 
25 sequence recognized by a restriction enzyme, and variable and discriminating sequence 31 2 of 2 bases at the 3* termi- 
nus thereof. The anchor sequence 31 1 and the common primer sequence 31 5 may be common in part but it is required 
that the length of the common part should be 8-mer or less and the existing known four fluorophore tagged primers can- 
not hybridize stably, by the primers alone, with the base sequence of the DNA oligonucleotide 304 introduced into the 
DNA fragments and hence, cannot effect complementary strand synthesis. Furthermore, it is required for stable hybrid- 
30 ization that the base sequence of the anchor portion 311 should be 10-mer or more, preferably 1 5-mer or more. 

The primer sequences need to be elaborated at this step. That is, in these anchored primers (1) having comple- 
mentary base sequence to DNA oligonucleotide 304 introduced into the DNA fragments and two base discrimination 
sequence (XX) 312 at the 3' end thereof, one of the 5' terminal bases in the base sequence - CATG - recognized by a 
restriction enzyme may be changed. In the embodiment shown in Fig. 14A, C in the base sequence - CATG - has been 
35 changed to T (which may be A or G in place of T). In this anchored primer, mismatching occurs at the sixth base T313 
at the 3' terminus but the anchored primer stably hybridizes with DNA oligonucleotide 304 introduced into the DNA frag- 
ment at the terminus to form a complementary strand. The thus formed DNA strand cannot be digested with the restric- 
tion enzyme used in this embodiment. When A in the base sequence - CATG - is changed to any one of T, G and C, this 
anchored primer also causes mismatching at the fifth base position at the 3' end. However, the anchored primer hybrid- 
40 izes stably with DNA oligonucleotide 304 introduced at the terminus of the DNA fragment to form a complementary 
strand. Likewise, the thus formed DNA strand cannot be digested with the restriction enzyme used in this embodiment. 
Furthermore there are prepared 16 primers (primer set (2)). These primers lack any anchor sequence as shown in Fig. 
14B but are primers having a variable and discriminating sequence (XX) 312. The base sequence of the sixth base 
position from the two bases at the 3' end is complementary to the base sequence - CATG - and hence, the S'-terminus 
45 may or may not be labeled with fluorophore tag 314. 

Based on the results shown in Fig. 15, there is determined a selective primer for PCR necessary for amplification 
of the DNA fragment longer than 130 bp. As shown in Fig. 12, the solution in tube 323 is divided and charged into ves- 
sels corresponding to the number (k) of the combinations for PCR (in the migration patterns, the number of the comple- 
mentary strand synthesis reaction products is not greater than the number of pairs appearing at an equal distance from 
so the starting point of the migration and equal to the number of the determined selective primers for PCR), i.e., vessels 
323-1, 323-2, ... 323-k. A variable and discriminating primer for PCR is added to each vessel to perform amplification 
by PCR using a selective primer. For this PCR amplification, the combination of anchors of anchor primer set (1) and 
primer set (2) is employed. At this stage, DNA fragments having 130 bp or less (150 bp in general) are not subjected to 
PCR amplification, since the overall base sequence can be determined by linking the respective DNA fragments, as 
55 described below. 

The DNA fragments amplified by PCR are purified by, e.g., dialysis to provide as templates for sequencing. Fig. 1 7 
shows an example of the product obtained by a complementary strand extension reaction (PCR amplification) using 
anchored primers (1). In Fig. 1 7, the portion 304' corresponds to the extended portion of DNA oligonucleotide 304. The 
DNA fragments obtained here are DNA fragments having anchored primers of anchor primer set 306 (anchor primer 
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set (1)) and the primers of primer set 307 (primer set (2)) at the terminus, respectively. When the restriction enzyme 
previously used is acted on the base sequence portion - CATG - in the portion 305 with the primer of primer set 307, 
digestion occurs at the cutting site 400 but - CATA - in the portion 351 with the anchor primer of anchor primer set 306 
is not digested with the restriction enzyme previously used, since the base sequence portion is different from - CATG 

s As the consequence, when the PCR amplification products are digested with the restriction enzyme and rendered 
single strands and complementary strand synthesis is then carried out using fluorophore tagged primer 330 (symbol * 
denotes a fluorophore tag) having the same base sequence as the anchor sequence 311. hybridization with the sample 
DNA strand occurs to form a further complementary strand extendable DNA fragment (fluorophore tagged primer 402 
by complementary strand synthesis). Thereafter, intact sample DNA 301 taken in the second tube 302-2 and the rea- 

w gent for sequencing (reagent containing ddNTP: dideoxynucleotide triphosphate) are added to perform sequencing. 
The base sequence of the DNA fragment amplified by PCR is determined from the sequencing reaction using the fluor- 
ophore tagged primer 330 and the base sequence with which the DNA fragment should be linked (linking base 
sequence) is determined by the sequencing reaction using the aforesaid fluorophore tagged primer 402 by complemen- 
tary strand extension reaction which has been previously prepared. That is, the base sequence of the DNA fragment 

is and the contiguous base sequence adjacent to the base sequence can be determined as in Examples 1 to 5. 

The DNA fragment shown in Fig. 1 7 is a DNA fragment having the anchored primer of anchor primer set 306 and 
the primer of primer set 307 (primer set (2)) at the termini, respectively. The base sequence of sample DNA 301 can be 
read from the reaction of variable and discriminating primers for PCR (in Figs. 1 4 A and 1 4B, primers 307 and 306 hav- 
ing variable and discriminating sequences in the primer set). In the sequencing reaction described above, so-called A, 

20 C, G and T termination reactions are carried out using primers having four fluorophore tags of different emission wave- 
lengths. Since a four-color primer can be employed as fluorophore tagged primer 330, handling is simple and conven- 
ient. That is, it is advantageous in that it is unnecessary to prepare 16 fluorophore tagged primers (64 primers are 
required for 4 colors) having a discrimination sequence at the 3' end. 

25 Example 8 

In this embodiment, the base sequence of double stranded DNA is simultaneously determined from the both 5' and 
3' ends. Fig. 18 shows the relationship among anchored primers having a discrimination sequence, tagged primers and 
DNA fragments. In this embodiment, there are employed fluorophore tagged forward primer 17 (primer used for com- 

30 plementary strand extension synthesis of strand +) and primer 371 (primer used for complementary strand extension 
synthesis of strand -); Texas Red (314, emission wavelength of 615 nm) and Cy-5 (141, emission wavelength of 654 
nm) are employed as fluorophore tags. Hereinafter these primers are called primer-a (171, forward primer) and primer- 
fa (371). Fig. 18 shows the relationship between primer-a (171), primer-b (371) and anchor primers (361, 362) and the 
DNA fragments tailed with the DNA oligonucleotide 304. The base sequence of primer-a (1 71 ) is substantially common 

35 to the anchor sequence of anchor primer-a (361 ) and the base sequence of primer-b (371 ) is substantially common to 
the anchor sequence of anchor primer-b (362). Primer-a and primer-b hybridize partly with the DNA fragments but the 
hybridization is not stable. Thus, primer-a and primer-b do not cause complementary strand synthesis without any 
anchor primer. That is, hybridization stably occurs to produce sequencing products only at the DNA strand 316 pro- 
duced by extension of the anchor primers. 

40 Recognition portion 318 (-GGATG-) by restriction enzyme Fokl of class 2 A is inserted into the base sequence of 
DNA oligonucleotide ligated with the DNA fragment. This restriction enzyme Fokl is a restriction enzyme for digesting 
the site 317 of the ninth base position at the 3' terminus from the recognition base sequence part 318 by restriction 
enzyme and can be used to remove the DNA oligonucleotide ligated with the DNA fragment, as will be later described. 
Anchor primer-a (361) is not digested with restriction enzyme Nlalll by modifying C, as shown by 313, of the base 

45 sequence -CATG-in the recognition base sequence part by restriction enzyme (recognition base sequence part in 
which one base has been replaced with another base) into T and thus to -TATG-, but is digested with Fokl since the 
recognition base sequence part -GGATG- by restriction enzyme of class 2A. On the other hand, anchor primer-b (362) 
is designed to preserve the recognition base sequence part by restriction enzyme -CATG- 305 but by modifying a part 
(319) of the recognition base sequence part (-GGATG-) by restriction enzyme of class 2A into the sequence part - 

so GTAGT- so that the anchor primer-b (362) is not digested with Fokl. That is, the product amplified by PCR using anchor 
primer-a and anchor primer-b can be digested with restriction enzyme Nlall at one end and with a restriction enzyme 
of class 2A at another end, i.e., such an elaborative design is made so as to remove the DNA oligonucleotide introduced 
into the DNA fragment at the termini thereof. Of course, anchor primer-a and anchor primer-b have two base discrimi- 
nation sequence 312 (AG and TC in Fig. 18) at the 3' end and provide anchor primer sets of 16 primers, respectively. 

55 The procedures will be described below in more detail. A solution containing sample DNA (several Kb to 10 Kb) to 
be sequence is divided into two aliquots in a manner similar to Example 7. In one aliquot, sample DNA is digested with 
restriction enzyme Nlall (other 4-base cutter restriction enzyme may also be used). DNA oligonucleotide having a 
known base sequence is ligated with the portion digested with the restriction enzyme. The DNA oligonucleotides used 
herein are helper oligonucleotide 101 having the following base sequence (SEQ ID NO. 6): 
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5, - GTAAAACGACGGCCAGTGGATGCATG - 3' 
and linker oligonucleotide 102 having the following structure: 

3* Bio - CATTTTGCTGCCGGTCACCTAC P - 5* 
which is obtained by introducing biotin (Bio) at the 3* end and having phosphate (P) at the 5* end of an oligonucleotide 
having the following base sequence (SEQ ID NO. 7): 

3' - CATTTTGCTGCCGGTCACCTAC - 5' 
The base sequence of helper oligonucleotide 101 , except for CATG-3' which is the staggered end formed by Nlalll, is 
complementary to the base sequence of linker oligonucleotide 102, in which biotin (Bio) is introduced to block any fur- 
ther extension. For this purpose, the 3'-terminai OH residue may also be modified with a substance other than biotin 
(Bio). The DNA strand introduced with the DNA oligonucleotide has the recognition cutting sites with Nlalll around one 
end and with Fokl around another end. The 3' terminus of the introduced linker oligonucleotide 102 is blocked with biotin 
for further strand extension. Where ligation is not efficient, helper oligonucleotide 101 alone is ligated using a S'-P-miss- 
ing linker and then complementary strand is synthesized by polymerase reaction. In this case, the 3' terminus is blocked 
by introducing dideoxynucleotide into the 3' terminus using terminal nucleotidyl transferase. By this procedure, it is 
avoided to form a dimer of the primers through ligation thereof with each other so that the base sequences of helper 
oligonucleotide 101 and linker oligonucleotide 102 can be inserted into the DNA strand with high efficiency. Self ligation 
of the DNA fragments can be prevented by use of the oligonucleotides in a large excess (100-fold). Anchor primer-a 
(anchor primer set a) and anchor primer-b (anchor primer set b) commonly hybridize with the introduced DNA oligonu- 
cleotides and with the recognition site by Nlalll but in anchor primer-a, the recognition base sequence by Nlalll changes 
from -CATGNN3' to -TATGNN3'. Turning to anchor primer-b t the recognition base sequence by Fokl changes from - 
GGATGCATGNN to -GTATGCATGNN. These changes are all point replacement that does not hinder complementary 
strand synthesis. 

Fig. 19 is a drawing for explaining the method for determining a pair of primers by a small amount of DNA fragments 
prior to discrimination of the DNA fragments for PCR using anchored primers having a discrimination sequence. In 
25 order to determine a pair of the primers for amplifying the DNA fragment mixture by PCR, electropherograms are pre- 
pared in a manner similar to Example 7. That is. one sample solution (containing DNA fragment groups digested by a 
restriction enzyme) of the two aliquots previously divided is further divided into 16 aliquots and charged in vessels, 
respectively, as shown in Fig. 1 9. One each of the 1 6 primers 1 10 in anchor primer set b is added to each of the vessels 
and forward primer 1 1 1 with a fluorophore tag (*) is further added thereto. Complementary strand synthesis is carried 
so out under cycle sequencing conditions to form complementary strand 1 06 extended from the forward primer 1 1 1 . In this 
embodiment, anchor primer-b is employed but anchor primer-a or even the primer set having no point replacement may 
be used likewise. In this reaction, anchor primer-b (110) hybridizes with DNA fragment 1 00; where the 3' terminus com- 
pletely coincides, complementary strand extension reaction 103 occurs. The strand that does not coincide is not 
extended at this step. The complementary strand extension is made to reach the introduced oligonucleotide (helper oli- 
35 gonucleotide 101) portion and as the result, the DNA fragment 104 that hybridizes with helper oligonucleotide 101 is 
formed at the 3' end of the extended strand. By heat cycling reaction, this extended complementary strand 103 further 
forms at the 3' end thereof a DNA fragment having base sequence 105 complementary to the anchor sequence of 
primer 1 10. That is, the base sequence portion 105 with which forward primer 1 1 1 hybridizes is formed. Forward primer 
1 1 1 hybridizes with the base sequence portion 105 to form the extended complementary strand 106. Hereinafter the 
40 reaction proceeds as in conventional PCR to obtain fluorophore tagged DNA fragment having substantially the same 
length (longer by the length corresponding to that of the anchor primers at the both ends) as that of the DNA fragment. 

In this embodiment, the length of the DNA fragment mixture is determined on the every terminal two base species 
of the DNA fragments. This embodiment is also effective for PCR amplification of the DNA fragment mixture for the 
every terminal two base sequences. Where the discrimination sequence is increased from 2 bases to 3 or 4 bases, they 
45 may sometimes function as primers even though one base is mismatched. In order to prevent such undesired function- 
ing, for example, where the discrimination sequence is composed of 3 bases, inosine is inserted at the fourth base posi- 
tion (base before the discrimination sequence) at the 3' end of the anchor primer to weaken the terminal binding force. 
In this case, additional mismatching in the discrimination sequence makes complementary strand synthesis very diffi- 
cult. This is advantageous for enhancing selectivity. 
so The fluorophore tagged DNA strands obtained with every 16 anchor primers-b are electrophoresed, whereby the 
terminal base sequence and fragment length of the DNA strands contained int he mixture can be determined. Using the 
thus obtained terminal base sequence and length, primers for PCR are selected. As two primers one each is selected 
from anchor primer-a and anchor primer-b, respectively. Using the two primers (e.g., anchor primer-a (361 ) and anchor 
primer-b (362)), amplification is performed by PCR to obtain the DNA fragments having the cutting sites with Nlall 
around one end and with Fokl around another end. After a variety of the DNA fragments obtained are purified by etha- 
nol precipitation, the DNA fragments are dissolved in a buffer solution, respectively. Each solution is divided into two 
aliquots. Solutions (a) and (b) are obtained with respect to each DNA fragment. The DNA fragments are digested with 
Nlalll added to solution (a) and with Fokl added to solution (b). The DNA fragments digested with Nlalll are denatured 
to form single strands. Complementary strand synthesis of the single strands is carried out under cycling conditions, 
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using fluorophore tagged primer 171 (forward primer) to form the DNA fragment having a ^^^JS! 
Zence Se intacfsample DNA 301 which hybridizes with the intact sample DNA strand having a .further ^endable 
cSmentary strand (fluorophore tagged primer 404 produced by complementary strand extens.cn 
SS^finJ. digged with Fok. are denatured to form single ^^.^J^*^ 
thP finale strands is carried out under cycling conditions, using fluorophore tagged primer 371 to form the DNA trag 
me SSSL sequence to the intact sample DNA 301 which hybridizes witt i the mtact sample 
DMA ^^^TsSL^conPrnBrm strand (fluorophore tagged primer 406 produced by comple- 

in a mann *' dna ,ragmente 404 md 406 h r ing a iu T com ' 

Senary strand which hybridize with the intact samp.e DNA strand 301 are previous* prepared 

The two DNA fragments are mixed with each other (the DNA fragments may also be ,n a separated state until the 
final s^Tand sample DNA 301 having full-length intact base sequence is added to the mixture. Reagent for sequenc- 
nT^f^^^lrt ddNTP: dideoxynucleLe triphosphate) is further added to the mixture to perform cycle 
iSSJ This reaction can provide information necessary for sequencing before and after the DNA strands. 
SrXEiW«^lhe DNA fragment amplrfied by PCR is revealed by the sequencing reaction using fluor- 
2ho e \2gXmTui and 371 . By the sequencing reaction using the complementary strand extended fluorophore 
S£ * and 406 described above, it is revealed with which base sequence (linking base sequence) the 
SSlagmenf should link. That is. the base sequence of the DNA fragment and the contiguous sequence ad,acent 

^Tt'hteem^cxM are of two colors (primers labeled wit two fluorophore tags) in response to double 

stra^DNMlnds + and"-). A. C, G and T are ^^^^^^^^ST"^ 
ducted in different migration paths for every terminal base species (B,o/Technology. 2^48-651 (1 991 ))■ 

On the other hand in the case of using a 4 color fluorophore tagged primer (primer labeled with each of four luor 
o P ho°e is carried out in a manner similar to Example 7, without mixin , , solution (a) w h solution 

fJiS' above sequencing can be advantageously made from both ends of the double strand, by performing PCR 

cutting ,tes at the both ends of the ™J^*^%Z£ ZZ™ 
advantageous in that the number of DNA fragments to be sequenced can be mmim.zed s,nce the confguous 

DNAlagme^ 
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SEQUENCING LISTING 

SEQ ID NO: 1 

LENGTH: 18 base pairs 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid, 

synthetic DNA 
SEQUENCE DESCRIPTION: 

TGTAAAACGACGGCCAGT 



SEQ ID NO: 2 

LENGTH: 22 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid, 

synthetic DNA 

SEQUENCE DESCRIPTION: 

GTAATACGACTCACTATAGGGC 



SEQ ID NO: 3 

LENGTH: 20 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid, 

synthetic DNA 
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SEQUENCE DESCRIPTION: 

TTTTTTTTTTTTTTGCAGGC 

5 



SEQ ID NO: 4 

LENGTH: 20 base pairs 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid, 

synthetic DNA 

SEQUENCE DESCRIPTION: 

TTTTTTTTTTTTTTGCAGGT 
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SEQ ID NO: 5 

LENGTH: 20 base pairs 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid, 

synthetic DNA 

FEATURE : 

other information: X, Y; arbitrary A f C, 

G or T 

SEQUENCE DESCRIPTION: 

TTTTTTTTTTTTTTTCGCXY 
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SEQ ID NO: 6 

LENGTH: 26 base pairs 

5 

TYPE: nucleic acid 
STRANDEDNESS : single 
10 TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid, 

synthetic DNA 

15 

SEQUENCE DESCRIPTION: 

GTAAAACGACGGCCAGTGGATGCATG 

20 

SEQ ID NO: 7 

LENGTH: 22 base pairs 

25 

TYPE: nucleic acid 
STRANDEDNESS : single 
30 TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid 

synthetic DNA 

35 

SEQUENCE DESCRIPTION: 

CATCCACTGGCCGTCGTTTTAC 
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Claims 

1 . A sequencing method comprising: 



(1 ) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

(2) a step of introducing an oligonucleotide having a definite base sequence into the DNA fragment at the 3 

50 STs^Vorp^rforming a complementary strand extension reaction, using a labeled primer which comprises 

a first base sequence portion complementary to at least a part of the base sequence of the oligonucleotide, a 
second base sequence portion complementary to the base sequence recognized by the restriction enzyme 
and a third base sequence of a possible combination of 1 to 4 bases, by using, as a template a single strand 

55 of the DNA fragment having the oligonucleotide introduced thereinto to obtain a labeled extended pr.mer hav- 

ing a base sequence complementary to the single strand of the DNA fragment; 
(4) a step of proceeding: 

(a) a step of performing a sequencing reaction using the labeled primer by using, as a template, the single 
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strand of the DNA fragment having the oligonucleotide introduced thereinto, and 
(b) a step of performing a sequencing reaction using the labeled extended primer by using, as a template 
a part of the single strand of the sample DNA having the base sequence of the single strand of the DNA 
fragment and a contiguous sequence adjacent thereto, or the single strand of the sample DNA; and, 

(5) a step of subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the DNA fragment and at least a part of the base sequence of the sample DNA adjacent to the base 
sequence of the DNA fragment. 

2. A sequencing method according to claim 1 , wherein said label is a f luorophore. 

3. A sequencing method according to claim 1 , wherein said step (3) is repeated a plurality of times by varying temper- 
ature conditions. 

,s 4 A sequencing method according to claim 1 , wherein said step (4) is repeated a plurality of times to perform a com- 
plementary strand extension reaction and isolate the extended labeled primer from the DNA fragment, by vary.ng 
temperature conditions. 

5. A sequencing method according to claim 1 , wherein a thermostable DNA polymerase is used in the steps (3) and 
20 (4). 

6. A sequencing method according to claim 1 , wherein said oligonucleotide comprises a single base species. 

7. A sequencing method comprising: 

(1) a step of digesting a sample DNA with a first restriction enzyme to obtain a DNA fragment; 

(2) a step of performing an extension reaction using a primer by using a single strand of the DNA fragment as 
a template and then replacing the 3' terminus of the DNA fragment with a fluorophore tagged nucleotide; 

(3) a step of digesting the complementary strand formed in the step (2) with a second restriction enzyme dif- 
ferent from the first restriction enzyme to obtain a fluorophore tagged primer having a label at the 3' terminus 
^hereof ' 

(4) a step of performing a sequencing reaction using the fluorophore tagged primer by using, as a template, a 
part of the single strand of the sample DNA having the base sequence of the single strand of the DNA fragment 
and a contiguous sequence adjacent thereto, or the single strand of the sample DNA; and, 

(5) a step of subjecting products of the sequencing reaction to electrophoresis to determine at least a part of 
the base sequence of the sample DNA adjacent to the base sequence of the DNA fragment. 

8. A sequencing method comprising: 

{1 ) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 
2) a step of performing a complementary strand synthesis reaction using a primer by using a single strand of 
the DNA fragment as a template to obtain a primer having a base sequence complementary to the single 
strand of the DNA fragment; . 

(3) a step of performing a sequencing reaction using a primer by using, as a template, a part of the single 
strand of the sample DNA having the base sequence of the single strand of the DNA fragment and a contigu- 
ous sequence adjacent thereto, or the single strand of the sample DNA thereby to introduce a fluorephore tag 
at the terminus of an extended strand; 

(4) a step of digesting products of the sequencing reaction with a restriction enzyme; and, 
5 a step of subjecting the digested products of the sequencing reaction to electrophoresis to determine at 
least a part of the base sequence of the sample DNA adjacent to the base sequence of the DNA fragment. 

9. A sequencing method comprising: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

(2) a step of introducing an oligonucleotide having a definite sequence into the 3' terminus of the DNA frag- 

(3) J step of performing a complementary strand extension reaction, using a labeled primer which comprises 
a first base sequence portion complementary to at least a part of the base sequence of the oligonucleotide, a 
second base sequence portion complementary to the base sequence recognized by a restriction enzyme and 
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a third base sequence of a possible combination of 1 to 4 bases, by using as a template a single strand of the 
DNA fragmenting the oligonucleotide introduced thereinto to obtain a labeled extended pnmer hav,ng-a 
base sequence complementary to the single strand of the DNA fragment; 

(4) a step of proceeding: 

(a) a step of performing a sequencing reaction using the labeled primer by using, as a template, the single 
strand of the DNA fragment having the oligonucleotide introduced thereinto, and a . -mntate 

(b) a step of performing a sequencing reaction using the labeled extended pnmer by using as a template 
a part of the single strand of the sample DNA having the base sequence of the s.ngle st rand of the DNA 
fragment and a contiguous sequence adjacent thereto, or the single strand of the sample DNA; and, 

(5) a step of subjecting products of the sequencing reaction to electrophoresis to determine at least a part of 
the base sequence of the sample DNA adjacent to the base sequence of the DNA fragment. 

10. A sequencing method comprising: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

2 aSSofperformingacomplementary strand V^^^^ 1kK ^^^S^ 
a single strand of the DNA fragment as a template to obtain a primer having a base sequence complementary 

ZS^^"^^ — the primer by using as a template a part of the single 
sland of the sample DNA having the base sequence of the single strand of the DNA fragment and a contigu- 
ous sequence adjacent thereto, or the single strand of the sample DNA; and, 

(4) a step of subjecting products of the sequencing reaction to electrophoresis to determine at least a part of 
the base sequence of the sample DNA adjacent to the base sequence of the DNA fragment. 

1 1 . A sequencing method comprising: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 
2 a Sep of performing a sequencing reaction using a f irst primer labeled with a f luorophore tag which «*o- 
vdy couples with the DNA fragment by the complementary strand and a seconc primer labeled I wit a f.uorc- 
phore tag which has a base sequence complementary to a single strand of the DNA fragment, by using, as a 
temp aS a mLre of a part oTthe single strand of the sample DNA having the base sequence £ the , sing e 
strand of the DNA fragment and a contiguous sequence adjacent thereto or the s.ngle strand of the sample 

?3)asSo?su^ 

dfJXStSS?^ at least a part of the base sequence of the sample DNA adjacent to the base 
sequence of the DNA fragment. 

12. A sequencing method comprising: 

m a steD of diqesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

S a sS of Sudng an oNgonucleotkle having a known base sequence into the DNA fragment at the 3 ter- 

Srrsle^performing an extension reaction by discriminating terminal base species of 1 to 4 bases in the 
DNASmenl which are recognized by said restriction enzyme and contiguous to the digested portion 
thereby to measure the length of the DNA fragment and to select a primer used for a sequencing region, 

Tstep of subjecting the DNA fragment digested by the restriction enzyme to electrophoresis to fractionate 
the DNA fraament depending upon fragment length; 

5) a step 5 selecting the DNA togment using a f luorophore tagged primer having at the 3' terminus thereof a 
base sSuence oil 1 4 bases for discriminating the DNA fragments at the 3' terminus thereof and performing 
a complementary strand extension reaction using the selected DNA fragment as a template; 
(6) a step of proceeding: 

(a) a sequencing reaction using the labeled primer by using the selected DNA fragment as a template and, 
b a sequencing reaction using the complementary strand formed in the step (5) by using, as a template 
a part d the sample DNA having the base sequence of the selected DNA fragment and a contiguous 
sequence adjacent thereto, or the sample DNA; and. 
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(7) a step of subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the selected DNA fragment and at least a part of the base sequence of the sample DNA adjacent to the base 
sequence of the selected DNA fragment. 

13. A sequencing method comprising: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

(2) a step of performing an extension reaction of a primer by using a single strand of the DNA fragment as a 
template to obtain a single stranded DNA; 

(3) a step of performing a sequencing reaction using the single stranded DNA by using, as a template, a part 
of the single strand of the sample DNA having the base sequence of the single strand of the DNA fragment and 
the base sequence adjacent thereto, or the single strand of the sample DNA; and, 

(4) a step of subjecting products of the sequencing reaction to electrophoresis to determine at least a part of 
the base sequence of the sample DNA adjacent to the base sequence of the DNA fragment. 

14. A sequencing method comprising: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

(2) a step of performing a sequencing reaction using a primer which selectively couples with a single strand of 
the sample DNA or with a part of the single strand of the sample DNA by complementary strand and a primer 
which selectively couples with the DNA fragment by complementary strand, by using a part of the single strand 
of the sample DNA having the base sequence of the single strand of the DNA fragment and a contiguous 
sequence adjacent thereto or the single strand of the sample DNA and the DNA fragment as the respective 
templates; and, 

(3) a step of subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the sample DNA in a portion longer than the length of the base sequence of the DNA fragment. 

15. A sequencing method comprising: 

(1) a step of digesting a sample DNA with a first restriction enzyme to obtain a DNA fragment; 

(2) a step of performing an extension reaction using a primer by using a single strand of the DNA fragment as 
a template and then replacing the 3' terminus of the DNA fragment with a fluorophore tagged nucleotide; 

(3) a step of digesting the complementary strand with a second restriction enzyme different from the first 
restriction enzyme to obtain a fluorophore tagged primer having a label at the 3' terminus thereof; 

(4) a step of performing a sequencing reaction using the fluorophore tagged primer by using, as a template, a 
part of a single strand of the sample DNA having the base sequence of the single strand of the DNA fragment 
and the base sequence adjacent thereto, or the single strand of the sample DNA; and, 

(5) a step of subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the sample DNA in a portion longer than the length of the base sequence of the DNA fragment. 

16. A sequencing method comprising: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

(2) a step of performing a sequencing reaction using a primer which selectively couples with a single strand of 
the sample DNA or with a part of the single strand of the sample DNA by complementary strand and a primer 
which selectively couples with the DNA fragment by complementary strand, by using a part of the single strand 
of the sample DNA having the base sequence of the single strand of the DNA fragment and a contiguous 
sequence adjacent thereto or the single strand of the sample DNA and the DNA fragment as the respective 
templates; and. 

(3) a step of subjecting products of the sequencing reaction to electrophoresis to simultaneously determine the 
base sequence of the DNA fragment and at least a part of the base sequence of the sample DNA adjacent to 
the base sequence of the DNA fragment. 

17. A sequencing method comprising: 

(1) a step of performing a complementary strand extension reaction using a primer having at the 3' terminus a 
complementary base sequence to a part of the base sequence of a single strand of the DNA fragment obtained 
from a sample DNA to obtain an extended primer having a complementary base sequence to a part of the sin- 
gle strand of the DNA fragment; 
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(2) a step of proceeding: 

(a) a step of performing a sequencing reaction using the primer by using the single strand of the DNA frag- 
ment as a template and, 

(b) a step of performing a sequencing reaction using the extended primer by using, as a template, a part 
of the single strand of the sample DNA having the base sequence of the single strand of the DNA fragment 
and a contiguous sequence adjacent thereto, or the single strand of the sample DNA; and, 

(3) a step of subjecting products of the sequencing reaction to electrophoresis to determine the base sequence 
of the DNA fragment and at least a part of the base sequence of the sample DNA adjacent to the base 
sequence of the DNA fragment. 

18. A method for preparing a sample which comprises: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

(2) a step of introducing an oligonucleotide having a known base sequence into the DNA fragment at the 3' ter- 
minus thereof; 

(3) a step of performing complementary strand synthesis using the oligonucleotide and an anchor primer hav- 
ing a substantially complementary sequence to a base sequence recognized by the restriction enzyme and a 
discrimination sequence of 1 to 4 bases at the 3' terminus and having an anchor base sequence of at least 8 
bases at the 5' terminus to obtain a DNA strand; and, 

(4) a step of performing complementary strand synthesis using a primer having at least substantially the same 
sequence as the anchor base sequence that does not hybridize directly with the sample DNA, by using the 
DNA strand obtained at the step (3) as a template. 

19. A method for preparing a sample which comprises: 

(1) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of 
fragment lengths; 

(2) a step of introducing an oligonucleotide having a known base sequence into the DNA fragments at least at 
the 3' termini thereof; and, 

(3) a step of fractionating the DNA fragments depending upon their terminal base sequences and amplifying 
the DNA fragments by PCR, using an anchor primer having a substantially complementary sequence to the oli- 
gonucleotide and a discrimination sequence of 1 to 4 bases at the 3' terminus to select the DNA fragments and 
having an anchor base sequence of at least 8 bases at the 5" terminus and a primer having substantially the 
same base sequence as the anchor base sequence that by itself alone does not hybridize stably with the DNA 
fragment. 

20. A method for preparing a sample which comprises; 

a step of performing complementary strand synthesis at least once using a primer having a discrimination 
sequence of 1 to 4 bases at the 3' terminus which is contiguous to a recognition base sequence recognized by 
a restriction enzyme and is capable of selecting a DNA fragment and a primer in which a part of the bases in 
the recognition base sequence has been replaced with another base not to be digested with the restriction 
enzyme; and. 

a step of synthesizing a DNA strand having, around the both termini, recognition base sequences recognized 
by different restriction enzymes, respectively. 

21 . A method for preparing a sample according to claim 20, wherein one terminus of the DNA strand is digested with 
a restriction enzyme to prepare a template DNA for determining the base sequence of the sample DNA. 

22. A method for sequencing which comprises: 

(1) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of 
fragment lengths; 

(2) a step of introducing an oligonucleotide having a known base sequence into the DNA fragments at least at 
the 3' termini thereof; 

(3) a step of amplifying a specific DNA fragment by PCR, using the oligonucleotide and an anchor primer hav- 
ing a substantially complementary sequence to a recognition base sequence recognized by the restriction 
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enzyme and a discrimination sequence of 1 to 4 bases at the 3' terminus and having an anchor base sequence 
of at least 8 bases at the 5' terminus, in which a part of the bases in the recognition base sequence has been 
replaced with another base to have the base sequence not to be digested with the restriction enzyme, and a 
primer having a base sequence to be digested with the restriction enzyme; 

(4) a step of obtaining a DNA strand in which one terminus of the specific DNA fragment amplified has been 
truncated; 

(5) a step of performing a complementary strand extension reaction using a f luorophore tagged primer at least 
having substantially the same sequence as the anchor base sequence that does not hybridize directly with the 
sample DNA, by using, as a template, the DNA strand obtained at step (4) to obtain an extended DNA fragment 
by the complementary strand extension reaction; and, 

(6) a step of performing a sequencing reaction using a f luorophore tagged primer and the extended DNA frag- 
ment obtained by the complementary strand extension reaction, by using, as templates, the DNA strand 
obtained at step (4) and the sample DNA. 

23. A sequencing method which comprises: 

(1) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of 
fragment lengths; 

(2) a step of introducing an oligonucleotide having a known base sequence into the DNA fragments at least at 
the 3' termini thereof; 

(3) a step of amplifying a specific DNA fragment by PCR, using the oligonucleotide and an anchor primer hav- 
ing a substantially complementary sequence to a recognition base sequence recognized by the restriction 
enzyme and a discrimination sequence of 1 to 4 bases at the 3' terminus and having an anchor base sequence 
of at least 8 bases at the 5' terminus, in which a part of the bases in the recognition base sequence part has 
been replaced with another base to have a base sequence not to be digested with the restriction enzyme, and 
a primer having a base sequence to be digested with the restriction enzyme; 

(4) a step of obtaining the DNA strand in which one terminus of the specific DNA fragment amplified has been 
truncated; and, 

(5) a step of performing a sequencing reaction using a fluorophore tagged primer at least having substantially 
the same sequence as the anchor base sequence that does not hybridize directly with the sample DNA, by 
using as templates the DNA strand obtained at step (4) and the sample DNA to determine the base sequence 
of the DNA strand and the base sequence of the sample DNA in the portion adjacent to the base sequence of 
the DNA strand. 

24. A sequencing according to claim 22 or 23, wherein said fluorophore tagged primer has at least substantially the 
same base sequence as the anchor base sequence. 

25. A sequencing method which comprises: 

(1) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of 
fragment lengths; 

(2) a step of introducing an oligonucleotide having a known base sequence into the DNA fragments at least at 
the 3' termini thereof; and, 

(3) a step of amplifying a specific DNA fragment by PCR, using the oligonucleotide and an anchor primer hav- 
ing a substantially complementary sequence to a recognition base sequence recognized by the restriction 
enzyme and a discrimination sequence of 1 to 4 bases at the 3' terminus and having an anchor base sequence 
of at least 8 bases at the 5' terminus, in which a part of the bases in the recognition base sequence has been 
replaced with another base to have a base sequence not to be digested with the restriction enzyme, and a 
primer having a base sequence to be digested with the restriction enzyme, whereby the base sequence of the 
specific DNA fragment amplified is determined. 

26. A sequencing method which comprises: 

(1) a step of digesting a sample DNA with a first restriction enzyme to form DNA fragments having a plurality 
of fragment lengths; 

(2) a step of introducing an oligonucleotide having a known base sequence and having a recognition base 
sequence recognized by a second restriction enzyme into the DNA fragments at least at the 3' terminus 
thereof" 

(3) a step of amplifying a specific DNA fragment by PCR, using the oligonucleotide and a first anchor primer 
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having a substantially complementary sequence to a recognition base sequence recognized by the first restric- 
tion enzyme and a first discrimination sequence of 1 to 4 bases at the 3 1 terminus and having a first anchor 
base sequence of at least 8 bases at the 5' terminus, in which a part of the bases in the recognition base 
sequence has been replaced with another base to have a base sequence not to be digested with the first 
restriction enzyme and a second anchor primer having the oligonucleotide, a substantially complementary 
sequence to the recognition base sequence recognized by the first restriction enzyme and a second discrimi- 
nation sequence of 1 to 4 bases at the 3' terminus and having a second anchor base sequence of al least 8 
bases at the 5' terminus, in which a part of the bases in the oligonucleotide has been replaced with another 
base to have a base sequence part not to be digested with the second restriction enzyme; 

(4) a step of digesting the first terminus of the amplified specific DNA fragment with the second restriction 
enzyme and digesting the second terminus of the amplified specific DNA fragment with the first restriction 
enzyme to obtain the first and second DNA strands, respectively; 

(5) a step of performing a complementary strand extension reaction using a first fluorophore tagged primer at 
east having substantially the same sequence as the first anchor base sequence that does not hybridize 
directly with the sample DNA and a second fluorophore tagged primer at least having substant.ally the same 
sequence as the second anchor base sequence that does not hybridize directly with the sample DNA, by 
using as templates, the first and second DNA strands produced at step (4) to obtain a first and second 
extended DNA fragments by the complementary strand extension reaction, respectively; 

(6) a step of performing a sequencing reaction using the first and second fluorophore tagged primers and the 
extended first and second DNA fragments obtained by the complementary strand extension reaction by using, 
as templates the first and second DNA strands obtained at step (4) and the sample DNA. whereby the base 
sequences of the first and second DNA strands and the base sequences of the sample DNA in a portion adja- 
cent to the first and second DNA strands are determined. 

27. A sequencing method which comprises: 

(1) a step of digesting a sample DNA with a first restriction enzyme to form DNA fragments having a plurality 

^^sTeTofTrrtrSucing an oligonucleotide having a known base sequence and having , a recognition base 
seauence recognized by a second restriction enzyme into the DNA fragments at least at the 3 termini thereof ; 

(3) a step of amplifying a specific DNA fragment by PCR. using the oligonucleotide and a first anchor primer 
having a substantially complementary sequence to a recognition base sequence recognized by the first restric- 
tion enzyme and a first discrimination sequence of 1 to 4 bases at the 3' terminus and having a first anchor 
base sequence of at least 8 bases at the 5' terminus, in which a part of the bases in the recognrtior . base 
sequence part has been replaced with another base to have a base sequence not to be digested wrth the first 
restriction enzyme, and a second anchor primer having the oligonucleotide, a substantially complementary 
sequence to the recognition base sequence recognized by the first restriction enzyme and a second discrimi- 
nation sequence of 1 to 4 bases at the 3' terminus and having a second anchor base sequence of at least 8 
bases aune 5' terminus, in which a part of the bases in the oligonucleotide has been replaced with another 
base to have a base sequence part not to be digested with the second restriction enzyme; 

(4) a step of digesting the first terminus of the amplified specific DNA fragment with the second restriction 
enzyme and digesting the second terminus of the amplified specKic DNA fragment with the first restriction 
enzyme to obtain the first and second DNA strands, respectively; and, 

(5) a step of performing a sequencing reaction using a first and second fluorophore tagged primers by using, 
as templates the first and second DNA strands produced at step (4) and the sample DNA to determine the 
base sequences of the first and second DNA strands and the base sequences of the sample DNA in a portion 
adjacent to the base sequences of the first and second DNA strands. 

28 A sequencing method according to claim 26 or 27, wherein said first fluorophore tagged primer has at least sub- 
stan^allyTe same base sequence as the first anchor base sequence and said second fluorophore tagged pnmer 
has at least substantially the same base sequence as the second anchor base sequence. 

29. A sequencing method which comprises: 

(1) a step of digesting a sample DNA with a first restriction enzyme to form DNA fragments having a plurality 

^'^^"ofTntroducing an oligonucleotide having a known base sequence and having a recognition base 
sequence recognized by a second restriction enzyme into the DNA fragments at least at the 3' termini thereof ; 
(3) a step of amplifying a specific DNA fragment by PCR, using the oligonucleotide and a first anchor pnmer 
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having a substantially complementary sequence to a recognition base sequence recognized by the first restric- 
tion enzyme and a first discrimination sequence of 1 to 4 bases at the 3' terminus and having a first anchor 
base sequence of at least 8 bases at the 5' terminus, in which a part of the bases in the recognition base 
sequence has been replaced with another base to have a base sequence part not to be digested with the first 
restriction enzyme, and a second anchor primer having the oligonucleotide, a substantially complementary 
sequence to the recognition base sequence part by the first restriction enzyme and a second discrimination 
sequence of 1 to 4 bases at the 3' terminus and having a second anchor base sequence of at least 8 bases at 
the 5' terminus, in which a part of the bases in the oligonucleotide has been replaced with another base to have 
a base sequence not to be digested with the second restriction enzyme thereby to determine the base 
sequence of the specific DNA fragment amplified. 

30. A reagent kit comprising a plurality of anchor primers having a complementary base sequence to an oligonucle- 
otide for ligation, a recognition base sequence recognized by a restriction enzyme and a base sequence which can 
be a primer for a polymerase reaction and further having a discrimination sequence of 1 to 4 bases at the 3* termi- 
nus thereof to make the discrimination of the terminal base sequence of the DNA fragment possible. 

31 . A reagent kit according to claim 30, wherein said anchor primers contain discrimination sequences for selecting the 
sequence of terminal two bases of the DNA fragment, said discrimination sequences including all combinations of 
two base species. 

32. A reagent kit comprising at least an oligonucleotide for ligation and a primer for complementary strand synthesis, 
wherein the primer for complementary strand synthesis comprises: 

a first primer set comprising 1 6 primers having a substantially complementary sequence to the oligonucleotide, 
a recognition base sequence recognized by a restriction enzyme and a discrimination sequence of two bases 
at the 3' terminus of the recognition base sequence and, 

a second primer set comprising 16 primers having an anchor base sequence introduced into the 5' terminus of 
each primer in the first primer set, in which a part of the bases in each recognition base sequence part has 
been replaced with another base. 

33. A reagent kit comprising at least an oligonucleotide for ligation and a primer for complementary strand synthesis, 
wherein the primer for complementary strand synthesis comprises: 

a first anchor primer set having the oligonucleotide, a substantially complementary sequence to a recognition 
base sequence recognized by a first restriction enzyme, a first discrimination sequence of 1 to 4 bases at the 
3* terminus and a first anchor base sequence of at least 8 bases at the 5' terminus, in which a part of the bases 
in the recognition base sequence part has been replaced with another base to have a base sequence part not 
to be digested with the first restriction enzyme, and 

a second anchor primer set having the oligonucleotide, a substantially complementary sequence to the recog- 
nition base sequence recognized by the first restriction enzyme, a second discrimination sequence of 1 to 4 
bases at the 3' terminus and a second anchor base sequence of at least 8 bases at the 5' terminus, in which a 
part of the bases in the oligonucleotide part has been replaced with another base to have a base sequence 
part not to be digested with the second restriction enzyme. 

34. A reagent kit according to claim 33, wherein said first and second discrimination sequences comprise two bases 
and include ail combinations of two base sequences. 

35. A method for analysis of a sample which comprises: 

(1) a step of digesting a sample DNA with a restriction enzyme to obtain a DNA fragment; 

(2) a step of introducing an oligonucleotide having a known base sequence into the DNA fragment at the 3' ter- 
minus thereof; 

(3) a step of performing complementary strand synthesis using the oligonucleotide and an anchor primer hav- 
ing a substantially complementary sequence to a base sequence recognized by the restriction enzyme and a 
discrimination sequence of 1 to 4 bases at the 3* terminus and having an anchor base sequence of at least 8 
bases at the 5' terminus to obtain a DNA strand; and, 

(4) a step of performing complementary strand synthesis using a primer having at least substantially the same 
sequence as the anchor base sequence that does not hybridize directly with the sample DNA, by using the 
DNA strand obtained at the step (3) as a template. 
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36. A method for analysis of a sample which comprises: 

(1) a step of digesting a sample DNA with a restriction enzyme to form DNA fragments having a plurality of 
fragment lengths; 

5 (2) a step of introducing an oligonucleotide having a known base sequence into the DNA fragments at least at 

the 3* termini thereof; and, 

(3) a step of fractionating the DNA fragments, depending upon their terminal base sequences and amplifying 
the DNA fragments by PCR, using an anchor primer having a substantially complementary sequence to the oli- 
gonucleotide and a discrimination sequence of 1 to 4 bases at the 3* terminus to select the DNA fragments and 
w having an anchor base sequence of at least 8 bases at the 5* terminus and a primer having substantially the 

same base sequence as the anchor base sequence that by itself alone does not hybridize stably with the DNA 
fragment. 

37. A method for analysis of a sample which comprises: 

' 5 a step of performing complementary strand synthesis at least once using a primer having a discrimination 

sequence of 1 to 4 bases at the 3* terminus which is contiguous to a recognition base sequence recognized by 
a restriction enzyme and is capable of selecting a DNA fragment and a primer in which a part of the bases in 
the recognition base sequence has been replaced with another base not to be digested with the restriction 

20 enzyme; and, 

a step of synthesizing a DNA strand having, around the both termini, recognition base sequences recognized 
by different restriction enzymes, respectively. 

38. A method for analysis of a sample according to claim 37, wherein one terminus of the DNA strand is digested with 
25 a restriction enzyme to prepare a template DNA for determining the base sequence of the sample DNA. 

39. A method for analysis of a sample according to claim 37, which comprises digesting one terminus of the DNA 
strand with a restriction enzyme and preparing a template DNA for determining the length of the DNA fragment. 
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(57) The DNA sequencing of the present invention 
comprises: 

(1) a step of digesting a sample DNA with a restric- 
tion enzyme to obtain a DNA fragment: 

(2) a step of introducing an oligonucleotide having a 
definite base sequence into the DNA fragment at 
the 3* terminus thereof ; 

(3) a step of performing a complementary strand 
extension reaction, using a labeled primer which 
comprises a first base sequence portion comple- 
mentary to at least a part of the base sequence of 
the oligonucleotide, a second base sequence por- 
tion complementary to the recognition base 
sequence recognized by the restriction enzyme and 
a third base sequence of a possible combination of 
1 to 4 bases, by using, as a template, a single 
strand of the DNA fragment having the oligonucle- 
otide introduced thereinto to obtain a labeled 
extended primer having a base sequence comple- 
mentary to the single strand of the DNA fragment; 

(4) a step of proceeding: 

(a) a step of performing a sequencing reaction 
using the labeled primer by using, as a tem- 
plate, the single strand of the DNA fragment 
having the oligonucleotide introduced there- 
into, and, 

(b) a step of performing a sequencing reaction 
using the extended labeled primer by using, as 
a template, a part of the single strand of the 



sample DNA having the base sequence of the 
single strand of the DNA fragment and a con- 
tiguous sequence adjacent thereto, or the sin- 
gle strand of the sample DNA; and, 

(5) a step of subjecting products of the sequencing 
reaction to electrophoresis to determine the base 
sequence of the DNA fragment and at least a part 
of the base sequence of the sample DNA adjacent 
to the base sequence of the DNA fragment. 
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